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1. INTRODUCTION 
 
1.1 Background 
Interest towards investing in forestland is increasing. This interest results from 
several factors, among which one of the most important is the rise of general 
knowledge about the positive characteristics of forest investment. Above all, 
investors are interested in the diversification benefits forest may bring to the overall 
portfolio. Diversification means reducing the risk of investing by allocating capital in 
different types of asset classes, sectors and markets (Bodie et al. 2008, p. 11). Some 
researchers have found that forestry returns move in opposite direction in regard to a 
market portfolio, which is defined as the optimal portfolio consisting of all the risky 
assets available in the markets returns (e.g. Binkley et al. 1996). This supports the 
argument that by investing in forest assets, the risk/reward ratio of an overall 
portfolio can be improved (Redmond and Cubbage 1988).  
 
The optimal share of forest in an overall risky portfolio can be determined by the 
principles of the modern portfolio theory. Modern portfolio theory states that the 
optimal risky portfolio is the same for every investor, and it can be formulated by 
choosing such asset weights that the resulting risk/reward ratio is maximized 
(Luenberger 1998, p. 167). There exists several studies on forest’s investment 
characteristics, also forest’s optimal share in the overall portfolio has been under 
examination. However, research has concentrated on the optimisation in a particular 
country (e.g. Thomson 1991, 1997; Hyytiäinen and Penttinen 2008) and has not 
examined the forest’s optimal share in an international investment portfolio.  
 
1.2 Purpose of this study 
Purpose of this study is to examine forest investing and its potential effects on the 
overall portfolio. Returns on forest investments in different locations of the world 
will be calculated and applied in the context of the modern portfolio theory. 
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Research question is as follows: 
 
How can international forest investments help the institutional 
investor to improve the performance of the overall risky portfolio? 
 
 
 
In order to properly answer this research question, three sub-questions have to be 
asked: 
? How should the return on forest assets be calculated? 
? How do forest assets in different countries differ from each other in terms of 
return, risk, optimal asset weight and correlation with other assets? 
? Which are the optimal weights of different forest assets in a risky portfolio? 
 
Professional investing in the present-day does not follow the borders of countries, 
nor is it limited to the continent-level. Globalisation has created worldwide financial 
markets. If an investor is interested in including forest assets into her or his portfolio, 
it is clear that an array of possible forest assets is global. Recent trends in the forest 
industries structural change have highlighted the attractiveness of forestry in the 
tropical areas such as Latin America and South-East Asia. This thesis aims to create 
a framework in which the investment attractiveness of such forest assets that differ in 
terms of geographical location, species, silvicultural regime and end product can be 
compared. Hence it produces information for those who weight the possibilities and 
risks of international forest investing and are interested in the forest’s effect on the 
overall performance of a portfolio. Three forest assets, located in Finland, the United 
States and Uruguay, and three international financial assets are used as case studies 
for empirical examination. The results include the analysis on case study forest 
assets’ investment characteristics and their optimal share in the risky portfolio.  
 
As already stated, the point-of-view in this study is that of an institutional investor. 
Institutional investors are especially searching for the diversification benefits of 
forest and do not possess any non-monetary objectives. Although they are typically 
investing only a small part of their capital into timberland, this amount of capital may 
however be significant compared to private investments (Zinkhan et al. 1992, p.55). 
They are expected to have long-term investment horizons, where the institutional 
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investor may be interested in receiving a steady annual income flow and does not 
face situations where capital would need to be liquidized in short notice.  
 
Forest assets in this study consist of one unit of fully regulated forest, including both 
the forestland and the timber standing on it. It is assumed that the structure of the 
fully regulated forests already exists on the forestland, which is under the investor’s 
ownership. This study does not aim at optimising the rotation period but takes the 
rotations length as given. 
 
The second section of this work presents forest’s characteristics as an investment. It 
also lists different ways to invest in forest and introduces reader to the previous 
research that has been carried out on this topic. Section 3 includes the theoretical 
framework that forms the base of the study. Section 3 has three parts: the first 
subchapter examines the correct methods for the forest valuation and the second 
concentrates on the calculation of assets’ rate of return. The third subchapter 
introduces readers to modern portfolio theory. Section 4 presents the input data and 
revises methods used for different asset classes’ return calculations. Also, the 
optimisation method and process is presented. The fifth section contains the results 
from the return calculations and optimisation processes. This section also includes 
numerical answers to the research questions. Finally, section 6 provides robust 
analysis of the results, compares them with previous research, reviews limitations of 
the study and suggests topics for further research.  
 
 
 3
2. FOREST INVESTMENT 
 
This chapter presents general characteristics of forest investment and describes the 
different instruments through which one can invest in forests. The last subchapter is a 
review of previous research carried out in this field of research. 
 
2.1 Forest as an investment  
Forest owners may have several objectives for their forest ownership. For example, 
in Finland the non-industrial private forest (NIPF) owners have been categorised into 
four subgroups according to different objectives they have for the forest ownership: 
recreationists, multiobjective owners, self-employed owners and those valuing the 
financial aspects (Kuuluvainen et al. 1996, Karppinen 2000). A more recent study on 
NIPF owners’ objectives added a fifth subgroup of to the above-mentioned list, 
indifferent forest owners (Favada et al. 2007). Institutional investors instead, are 
primarily considering forest assets as a mean to diversify their investment portfolio. 
Institutional investors, such as pension funds and university endowments, have 
showed a growing interest in forest investments during the last decades. In the USA 
for example, where institutional investors have the longest traditions in investing in 
forest, the pension fund holdings through timberland management firms grew 
5,460% in value between 1981-1991, totalling USD 1.39 billion in 1991 (Zinkhan et 
al. 1992, p.13). In 2005, institutional investors had over 15 billion dollars invested in 
the U.S. timber and timberland (Clutter et al. 2005).  
 
For investors, forest has several characteristics that distinguish it from financial 
assets, making it tempting to speculate about forest asset’s capability to balance the 
variation of the overall investment portfolio. Most importantly, return on forest assets 
consists of several components. Firstly, the biological growth of trees enhances the 
value appreciation growth, both in the increase of standing volume as well as lifting 
the trees into larger and more valuable timber assortments (Zinkhan et al. 1992, 
p.34). Biological growth is also not dependent on business cycles, but is continuous, 
given that the level of forest management is adequate.  
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The second factor that affects the return on forest investment is the variation of 
timber prices. Timber prices have short- and long-term fluctuations that vary in 
magnitude. In 2007 for example, the strong demand for sawn timber and high timber 
prices increased the Finnish NIPF owners’ gross stumpage price income over 60% in 
real terms from the year 2006 (Finnish Forest Research Institute 2008b). In the 
opposite case, when the timber prices are depreciating, harvests can be postponed 
until the market rebounds. This type of flexibility that allows the harvests to be 
advanced or postponed with some years is not possible with for example agricultural 
crops.  
 
Thirdly, the price change of the forestland is a factor affecting the overall return on 
forest investment. Land prices have been increasing in real terms, at least that is the 
case with the forest and pastoral land in Finland and the Brazil during the current 
decade (National Land Survey of Finland 2008, p.83; Fundacao Getulio Vargas 
2006). Land is a limited natural resource that is not reproduced. Value of forestland 
can also be subject to considerable changes, depending on the development of the 
surrounding area. Some timberland investors have identified their properties to have 
areas of "higher and better land use" (HBU), which means that the value of land is 
higher under other land use, rather than in commercial forestry alone. Other land uses 
may be conservation, recreational use or construction of leisure properties (Viitala 
2008). This kind of development can further diversify the timberland ownership's 
sources of income. 
 
Forest asset is claimed to have potential to act as hedge against inflation. That 
potential is based on components of forestry return: Especially on the biological 
growth, but also on the possible increases in timber and forestland prices (Zinkhan et 
al. 1992, p.89). Empirical evidence on the forest assets capability to hedge inflation 
mostly seems to support this claim. Most of the studies have concentrated on the 
unexpected inflation, which is the difference between the actual and expected 
(predicted) inflation (Lausti 2004). Washburn and Binkley (1993) concluded that 
forests in the U.S. West and South were superior hedges (the asset’s price increases 
faster than inflation) against unexpected inflation while forests in the U.S. Northeast 
were less effective during the period 1955-1987. Lausti (2004) stated that NIPF 
ownership in Finland has been an effective hedge against unexpected inflation but 
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not against expected inflation. Lundgren (2005) used a generalized CAPM model 
and had similar results, he stated that Swedish timberland has served as a superior 
inflation hedge based on the returns during 1965-1999.  
 
It seems however that the length of the inspection period as well as the actual years 
chosen for the time horizon affects the results. Lutz (2007) concluded that during the 
years 1960-2006, U.S. timberlands have acted as inflation hedges i.e. timberland 
returns have been positively correlated with inflation. But, during the period of 1997-
2006,  the correlation coefficient has been slightly negative. Lutz (2007) also found 
that different U.S. regions have had positive correlation with the inflation at different 
times, indicating that those willing to use forest assets to hedge the effect of inflation 
on their returns, should have a geographically diversified timberland portfolio. 
Studies on the inflation hedging potential of forests should however be compared 
with caution as different time frames, definitions of inflation, and methods have been 
used. Washburn and Binkley (1993), Lausti (1998) and Lundgren (2005) used 
regression models to define the unexpected inflation hedging potential, whereas Lutz 
made his conclusions based on the correlation between timberland returns and 
consumer price index. 
 
Like all available asset classes, timberland investment also involves risk. Risk of an 
investment can be divided in two parts: unsystematic and systematic risk (Redmond 
and Cubbage 1988). Unsystematic risk can be decreased close to zero by diversifying 
while systematic, also called market risk, is the risk related to the fluctuations in the 
general market. Asset diversification cannot decrease market risk. All the forest 
assets are exposed to a risk but the risk determinants and the extent of risk varies. 
Risks related to a direct investment in forest and forestland in tropical countries can 
be divided into social, political, environmental, financial and technical risks. The 
presence of these risk determinants varies depending on the country. For example, 
developed and developing countries face somewhat different risk combinations. 
Most of the risk factors are however causing unsystematic risk, indicating that 
diversification, for example, of forest assets in different countries can reduce the risk 
related to forest investing.  
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Forest ownership is an asset class that typically requires a long investment period 
(Lausti 2004). The long-term time horizon also affects the perceived risk of the forest 
investment. Similarly, the risk of an investment is affected by the liquidity of the 
asset (Bodie et al. 2008, p. 321). Investor will most probably pay attention to the size 
and functionality of the markets in which the asset is traded, that directly indicates 
how easily and quickly investor can buy and sell the asset. The liquidity of a stand 
depends on several factors, it may for example be different depending on the 
maturity of the stand: those closer to the harvest tend to be more liquid than younger 
ones, which are associated with a higher risk (Zinkhan et al. 1992, p.30). Using 
alternative investment instruments, covered in the next chapter, can increase the 
liquidity of the forest investment. 
 
Institutional timberland investors, with their long-term liabilities and objective of 
capital appreciation, are surprisingly well in line with the sustainable management of 
forests. Long-term investments in forestry require that timberland has to remain 
productive for several decades, rather than clear-cutting for immediate profits. This 
provides for the inclusion of forests to so called sustainable or responsible portfolios 
and funds, which have recently been constructed by several service providers on 
financial markets, such as Global Environment Fund (Global Environment Fund). 
These "green" investments are especially important for those institutions, which are 
sensitive about their public images.  
 
Another significant, yet developing opportunity for timberland investors is carbon 
trading. Afforestation or reforestation, as well as avoided deforestation projects have 
potential to be included into the carbon trading schemes and gain carbon credits 
through carbon dioxide sequestration (Chapple 2007). This allows for income to be 
received from selling carbon credits in the markets, in addition with traditional 
timber revenues. At the moment, carbon credits can be generated and traded under 
the Kyoto-framework, other compliance markets as well as in several voluntary 
carbon markets (Chapple 2007). They differ in terms of acceptance of forests as 
carbon sinks, also the requirements for the forestry-related projects vary. Even 
though the status of forests in the carbon markets is yet under development, carbon 
trading remains a tempting opportunity for timberland investors. It is expected that 
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the value of the carbon markets will appreciate in an increasing pace and the role of 
forests in the carbon funds will grow (Killmann et al. 2008).  
 
2.2 Different types of forest investments 
Buying or inheriting a certain area of forestland and the timber standing on it, is 
perhaps the most obvious way to invest in forest, at least for NIPF owners. It is also 
an option for an institutional investor. It may be however that investors are looking 
for an easier way of acquiring large areas of readily diversified forests and 
organizing the proper silvicultural management for them. Financial instruments for 
this kind of readily diversified forest investing can be divided into two categories 
depending on the availability of the instruments in the markets. 
 
Capital can be invested in forestry, as in other asset classes, through private 
placements or public offerings. A private placement refers to securities, for example 
bonds or fund units, which are directly sold to a small group of institutional or 
wealthy investors (Bodie et al. 2008, p. 59). In private placements, securities are not 
as easily traded as for example common stocks, therefore their liquidity is reduced 
(Bodie et al. 2008, p. 59). On the other hand, in public offerings, securities are 
directed for general investing public and are widely traded in the secondary markets, 
such as in the stock exchanges.  
 
Private placements are carried out directly between the issuer and the investors, thus 
may be cheaper than public offerings, which require registration (Bodie et al. 2008, 
p. 59). On the other hand, poor liquidity of private placements can reduce the prices 
that investors are willing to pay for the issues (Bodie et al. 2008, p. 59). This lack of 
liquidity may however be less significant for institutions making large investments 
with intentions to hold the asset for a long time period or to the maturity (Brealey et 
al. 2005, p. 403). The next paragraphs present possible vehicles for timberland 
investing. 
 
Timber Investment Management Organizations (TIMOs), first established in the 
United States in the 1980s, provide various mechanisms through which to invest 
private equity in forestry. TIMOs serve especially institutional organizations looking 
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for diversified timberland portfolios for a long-term time horizon. The principle 
services are to find, analyse and acquire suitable tracks of timberland that also form 
well-diversified forest accounts for their clients (Zinkhan et al. 1992, p.55). Their 
products include commingled timberland funds, individual timberland accounts, joint 
venture opportunities and partnerships (Zinkhan et al. 1992, p. 19). Silvicultural 
management of the forests is in most cases also under the responsibility of TIMOs 
(Zinkhan et al. 1992, p.55). TIMOs have rapidly grown their asset base in the past 
two decades in the U.S., and are aiming to do so increasingly in the future (Siry and 
Cubbage 2001).  
 
Real Estate Investment Trusts (REITs) are either public or privately held companies 
that invest directly in real estates. The number of companies with the REIT structure 
has increased in recent years in the United States, mainly thanks to the notable tax 
advantages allowed for this corporate form (Viitala 2008). Buying shares of public 
timberland REITs, which have specialized in timberland properties, provide inviting 
possibilities for timberland investors. Buying stocks of REITs is a liquid form of 
forest investment, compared to a direct investment on forest or fund units of 
timberland funds. In addition, REITs are obliged to pay out 85-95% of their profits 
as dividends, securing a steady income (Viitala 2008). In Finland the legislation for 
timber REITs is yet under development (RAKLI - The Finnish Association of 
Building Owners and Construction Clients 2008). 
 
Different forest revenue streams provide for compiling structured forest-based 
products for primarily private placements. Novel sources of revenue, some of which 
are yet under development, include Payments for Ecosystem Services (PES), 
payments for avoided deforestation (Reducing Emissions from Deforestation in 
Developing Countries, REDD), payments for carbon sequestration, and production of 
bio-fuels. Assets with these types of revenues can be pooled together with the 
traditional timber producing assets and for example portfolio of loans to medium-
sized forest enterprises. The pool of assets is transferred to a legal entity, or Special 
Purpose Vehicle, who will issue structured, forest-backed bonds or asset-backed 
securities with multiple sources of income. This type of securitisation decreases the 
risk of an investment and allows for lower interest rates. (Chapple 2007)  
 
 9
Hence, forest-based investments can hence mean investments of different structures, 
involving either private placement or public offering. Forest-based investments can 
indicate funding units of funds specialized in timberland, forest-backed bonds, stocks 
of REIT or it can consist of concrete investment in forestland and standing timber. If 
the latter definition is used, there are two ways to examine this issue. It might be that 
land is perceived as part of the investment and hence the forestland can be sold if 
forestry is not considered profitable. This assumption is realistic considering the 
behaviour of rational, institutional investor who aims to optimise the composition of 
the asset portfolio and is not afraid to give up on the forest asset if it proves to be 
unprofitable. Thus, this approach is used in this study. On the other hand, sometimes 
only the standing timber is considered to form the forest asset. In those cases the 
underlying assumption is that the forest owner has motives other than monetary for 
forest ownership and is not willing to sell the forestland. This kind of constraint 
makes the asset (in this case timber) considerably more liquid. This has been the 
point-of-view for example in the study of Heikkinen (1999) that aimed to optimise 
the harvesting scheduling of the Finnish NIPF owners in Finland.  
 
These different forms of forest investments have different levels of liquidity. 
Liquidity of an asset has been recognised as an important characteristic that affects 
asset’s value (Bodie et al. 2008, p. 317). For example, long-term bonds have a 
greater price risk than short-term bonds and are thus considered less liquid (Bodie et 
al. 2008, p. 504). Standing timber is perceived more liquid than forest asset 
consisting of timber and forestland. Also forest stands may differ in terms of 
liquidity depending on the age of the stand, as stated in chapter 2.1. Redmond and 
Cubbage (1988) stated that forest stands are considerably less liquid than investments 
in stocks, for example shares of REITs. Not only do these investment classes differ 
in terms of how easily they can be sold, but also in how well identical securities can 
be bought. Stocks of REITs are all uniform, while direct investments in forestland 
are unique as forests vary, regarding to geographical location, habitat and soil, 
species, ages, assortments etc. Closely considering that all forest stands are unique 
and once the stand is sold, it might be difficult to find a somewhat similar stands on 
the forest estate markets. 
 
 10
2.3 Previous research 
Numerous studies have examined forest assets in the modern portfolio theory 
context. In order to examine the effect of forest assets on the return and risk of the 
financial asset portfolio, one has to make expectations on future returns. In most 
cases, mean of the historical return is used as a proxy for the expected return. 
 
In previous research, historical return on forestry has been calculated using different 
methods. Washburn and Binkley (1993) measured forestry rate of return as a sum of 
the sawtimber stumpage price change and a constant c, which represented biological 
growth, land value change and other determinants of forestry return. Heikkinen 
(1999), Heikkinen and Kanto (2000) and Redmond and Cubbage (1988) used the 
sum of stumpage price change and average annual growth rate to calculate forestry 
returns. In this method the variance of the historical returns results solely from the 
stumpage price variation. Thomson (1991, 1997) calculated forestry returns as a 
change in the value of the land and the standing timber plus the operating cash flow, 
this principle was later applied by Lundgren (2005). Hyytiäinen and Penttinen (2008) 
also included these three sources of return (stumpage price, biological growth, land 
price) into their return calculations but as they pointed out, the inclusion of the young 
stands into the forest valuation requires special attention. This stems from the fact 
that the value of a young stand at immediate clearcutting is inferior to its expected 
land market value. They suggested that for younger stands, the proper valuation 
method is to discount the costs and revenues of the remaining rotation plus the bare 
land value from the end of the rotation to the moment of valuation (Hyytiäinen and 
Penttinen 2008).  
 
Relationship between return and risk of forest investments and other asset classes has 
been the subject of several studies. In most of the cases, this relationship has been 
examined by applying Capital Asset Pricing Model (CAPM). CAPM uses a 
statistical regression model that was developed by William Sharpe, John Lintner and 
Jan Mossin (Sharpe 1964, Lintner 1965, Mossin 1966). The model is a scientific 
instrument to compare the adequacy of asset’s risk premium to its non-diversifiable 
(systematic) risk. Only systematic risk is included, because the unsystematic risk can 
be decreased close to zero by asset diversification.  
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 The measure of systematic risk in the CAPM context is the asset beta (β), which 
reflects the tendency of security’s returns to respond to fluctuations of the market 
portfolio (Bodie et al. 2008, p. 295). In other words, beta is a normalized version of 
the covariance of the asset with the market portfolio (Luenberger 1998, p. 179). 
Securities that have betas above 1 are called aggressive, because they have above-
average sensitivity to market swings. Betas below 1 are defensive and have tendency 
to reduce the overall variance of the portfolio. In such cases where asset betas are not 
available, the general determinants of asset betas can be examined.  
 
Brealey et al. (2005, p. 225) states that in the calculation of beta, the strength of the 
relationship between a firm’s earnings and aggregate earnings of all real assets is 
important. The relationship can be measured based on the book earnings (accounting 
beta) or cash flow (cash-flow beta) of the firm. Compared to the calculation of the 
real asset beta, these firm-specific betas are calculated by substituting rates of return 
on securities with changes in book earnings or cash flow. Brealey et al. (2005) 
conclude that firms with a high accounting or cash-flow betas generally possess high 
stock betas. This indicates that high beta firms and high asset betas are connected.  
 
Part of the previous research has concentrated on the use of regression models as a 
mean to find the determinants of systematic risk (beta). The following financial 
variables have been found to help predict a firm’s beta (Bodie et al. 2008 p. 285, ref. 
Rosenberg and Guy 1976): 
? Variance of earnings 
? Variance of cash flow 
? Growth in earnings per share 
? Market capitalisation (firm size) 
? Debt-to-asset ratio 
 
Especially debt of a firm and its effect on the systematic risk has been studied in 
more detail (e.g. Callahan and Mohr 1989). Companies with high operating leverage 
(high fixed costs relative to the variable costs) have been observed to have high betas 
(Brealey et al. 2005, p. 227). In addition to these variables, also industry group 
affects beta (Bodie et al. 2008 p. 285, ref. Rosenberg and Guy 1976). Some 
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industries, such as gold mining, have been observed to have lower betas than what 
would have been predicted based on only financial characteristics (Bodie et al. 2008, 
p. 285). Also, the effect of macroeconomic indicators such as industrial production, 
term premium, default premium, consumption/wealth ratio, consumer price index 
and consumer confidence index on the betas have been under research (Andersen et 
al. 2005).  
 
Presently, asset diversification means having a globally diversified portfolio. 
Theoretically, asset beta measures the relationship between asset returns and market 
portfolio returns, consisting of all the assets in the global markets. However, due to 
the investors who prefer to operate in their home markets, beta of an investment can 
also be calculated as the relationship between asset returns and investor’s portfolio 
returns (Brealey et al. 2005, p. 255). This means that a timberland investment in 
Australia may have a lower beta for a Finnish investor than for an Australian 
investor. This has evidently been the point-of-view in the CAPM studies reviewed in 
the following paragraphs, as they have estimated the market portfolio to be a nation-
level stock index.  
 
Due to the underlying assumptions of CAPM, each investor is expected to construct 
the personal risky portfolio by using the relative weights of the market portfolio i.e. 
including all the securities available in the markets. According to CAPM, appropriate 
risk premium on an asset is determined by its contribution to the market portfolio’s 
variance, being proportional to the risk premium of the market portfolio and beta 
coefficient of the asset relative to the market portfolio (Bodie et al. 2008, p. 295). 
 
CAPM has several limitations, many of which are due to the simplifying assumptions 
of the model. It is however commonly used in studies examining the return and risk 
of forestry in relation to overall market portfolio. Redmond and Cubbage (1988) 
applied CAPM regression to twenty-two stumpage price series (consisting of 
different species and timber assortments) from five timber market regions of the 
United States using Standard and Poor’s 500 stock index as a representative of the 
market portfolio. They found that over 80% of the CAPM regressions on chosen 
timber species/market combinations had negative beta values. Binkley et al. (1996) 
used CAPM regression model to calculate betas for three timberland regions of the 
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United States: Pacific Northwest, Southeast and Northeast. Timberland returns were 
calculated based on the John Hancock Timber Index and return on market portfolio 
was again presented through Standard and Poor’s 500 index. Binkley et al. (1996) 
found that timberland betas in all the regions were negative, with the minimum of 
10% level of significance. Lundgren (2005) tested CAPM on Swedish timberland 
investments. He used forestry returns calculated on a national level and Stockholm 
stock exchange index as a representative of the market portfolio, concluding that 
timberland’s beta is slightly negative. In the studies of Redmond and Cubbage (1988) 
and Lundgren (2005), the computed beta was not statistically significant, suggesting 
that the null hypothesis of beta equals zero could not be rejected.  
 
One of the initial assumptions of the CAPM states that all the market participants are 
risk-averse and aim to maximise the expected utility over a single-period time 
horizon (Bodie et al. 2008, p. 294). Results reviewed in the earlier paragraph support 
the claim that there exists a low correlation between forestry returns and financial 
asset returns in a short term. However, Heikkinen (2002) used multivariate co-
integration methodology to test co-integration between stumpage prices, HEX stock 
market index, government bonds and bank deposits in Finland. He concluded that 
“...although direct correlation between forestry returns and financial returns may be 
low in the short-term, there is correlation in the long-run”. Long-run in this context 
refers to almost 13 years, as Heikkinen (2002) used monthly stumpage price 
observations from January 1988 to September 1999. Correlation between forest and 
financial assets’ returns may affect the forest assets’ share in the optimal diversified 
portfolio and also improve predictions of asset returns (Heikkinen 2002 ref. Wang et 
al. 1997). This again can have a clear effect on the results of mean-variance 
optimisation, which is very sensitive to errors in the model’s input data (Heikkinen 
2002).  
 
The optimal shares of forest and other asset classes in an investment portfolio have 
been studied in the context of modern portfolio theory, which is a single-period 
optimisation model, as well as with multi-period and long-term horizons. Heikkinen 
(1999) used single-period model to optimise a Finnish NIPF owners’ decision 
making on whether to harvest a stand and invest on Finnish stock market index or to 
postpone harvests. He included four mature, harvestable stands to the model. Also 
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Hyytiäinen and Penttinen (2008) used single-period mean-variance model to 
optimise the timing of a Finnish NIPF owners’ harvests. Instead of considering a 
forest asset to be a single stand they optimised the harvesting behaviour on a forest 
holding-level, consisting of several stands with different characteristics. Hyytiäinen 
and Penttinen (2008) presented the optimal asset allocation between forest stands, 
bank deposits, bonds, stocks and apartments in different risk-free rates of interest.  
 
Thomson (1991) applied the quadratic utility function (single-period model) and 
power utility function (considered to be consistent in long-term simulations), first for 
single period optimisation and then for long-term optimisation. Weights of the assets 
in portfolios were held constant in the long-term model. He calculated optimal 
portfolio weights for eight saw timber assets and four financial market assets for 
different risk tolerance levels. The article concludes that when comparing the single-
period and multiperiod models, the ordering of the risk of each portfolio is constant 
but each portfolio has a lower standard deviation in the multiperiod model. Also, the 
long-term simulation reveals that some high-risk portfolios, which are efficient in the 
single-period model, are in the long run inferior to less risk prone portfolios. He 
states however “both approaches lead to similar results” (Thomson 1991). Later on, 
Thomson extended his work to multiperiod portfolio optimisation, where the asset 
weights were rebalanced to be optimal every year according to the previous ten years 
returns (Thomson 1997). 
 
In general, research results on forest investing and forest investments’ characteristics 
have supported the professional investors’ intentions to include forest assets into 
their portfolios. At least in a single-period examination, forests have been found to 
posses low beta values and act as a hedge against unexpected inflation. Although 
forest assets’ optimal share in a risky portfolio has been studied on a national level 
(Thomson 1991, Hyytiäinen and Penttinen 2008), portfolios with international focus 
have not yet been under examination. This study aims to extent the research to this 
lacuna. In order to objectively compare geographically diversified forest assets with 
other international asset classes, return on assets has to be properly and clearly 
defined. In addition, one has to choose the theoretical framework on which the 
optimisation process is based.  
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3. THEORETICAL FRAMEWORK 
 
 
This chapter introduces the theoretical framework that is used to study the research 
question. The first subchapter presents the method used for forest valuation. Asset’s 
rate of return is based on the development of asset’s value and calculated according 
to certain financial principles, as explained in chapter 3.2. The last subchapter looks 
at the modern portfolio theory, which sets the framework for the optimisation 
process. 
 
3.1 Value of forest 
Even-aged forest 
Valuation of a forest is not a simple task. This is partly due to the different 
components of the return on forest investment, i.e. biological growth and variation in 
timber and land prices. More importantly, unlike a company’s common stocks, 
which possess the same properties and are valued identically, forest properties are all 
distinct. Forest is valued based on various characteristics such as geographical 
location, species, age-structure of the trees and volume of the standing stock. Hence, 
appraisal of the forest according to the realized market prices of stands is likely to be 
troublesome. If the statistics on market prices do not exist, they are limited in 
availability and/or do not contain market data on similar stands, the appraisal process 
is further complicated. As a consequence, in historical research several different 
methods have been proposed for calculation of the value of forest. Many of these 
methods have been faulty in economic sense. 
 
Methods for computing a value of a forest stand have been studied under the so-
called rotation problem. Rotation problem is about the optimal timing of harvests: 
what is the optimal rotation period of an even-aged stand, i.e. a stand that has trees in 
only one age-class. This question has been examined by German foresters Martin 
Faustmann (1849) and Max Robert Preßler (1860) in the 19th century and Bertil 
Ohlin (1921) in Sweden in the 20th century. Later on numerous researchers have 
based their work on the theoretical principles presented by these three forest 
economists. The optimal timing of harvests is indeed fundamental in the framework 
 16
of economic profitability of forestry and hence important for most of the forest 
owners and practitioners. Moreover, when the rotation problem is correctly 
formulated and solved, the process also generates the accurate formula for the value 
of forestland. 
 
In this study the examination of the optimal rotation length is based on the 
assumption that forest owners are maximizing the value of forestland i.e. the present, 
discounted value of the profits resulting from forestry. Other assumptions that are 
required for the examination of the problem are (e.g. Samuelson 1976; Johansson 
and Löfgren 1985, p. 74): 
• Perfect capital markets. Lending and borrowing money are possible at 
any amounts, with an interest rate that is constant and known. 
• Future prices of timber and all the inputs are constant and known.  
• Future timber yields are known. Timber yield is a function of constant 
and known variables such as planting, thinning, etc. 
• Forestland can be bought, sold and rented in a perfect market. 
 
These assumptions provide for simplifications that ease the calculation process of the 
optimisation. They also make the solution for the rotation problem to be a steady 
state solution, indicating that each rotation will be of equal length (Johansson and 
Löfgren 1985, p. 75). Only the financial benefits of forestry are included into the 
examination and non-monetary forest products, such as biodiversity values, are 
excluded. Also, possible externalities of forestry are excluded from the basic model. 
 
During the last decades, the classical Faustmann model has been extended to 
situations where these above-mentioned assumptions do not hold. McConnell et al. 
(1983) and later Newman et al. (1985) examined the effect of changing stumpage 
prices to the optimal rotation length. Hartman (1976) was the first to extend the static 
Faustmann model to take into account the amenity values of forests. Also Tahvonen 
(1998) and Tahvonen and Salo (1999) examined the non-monetary in situ values of 
forests in the framework of Faustmann’s model. These extensions, as well as those 
taking into consideration the uncertainty of forestry or imperfect capital markets, are 
not included into this study.  
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 If only first rotation and monetary benefits from timber growing are considered, the 
objective of the forest owner’s decision making is to maximize the difference of 
discounted revenues and costs occurring during the current rotation.  
 
( ) ( ) 0CeTqTp rT
T
Max −− ,   (1) 
     
where T = Length of the rotation 
p(T) = Stumpage price of timber at moment T 
q(T) = Volume of timber harvested at moment T 
e-rt = Discount factor in the continuous compounding 
 r = Discount rate 
 C0 = Cost of regeneration. 
     
The equation above maximizes forest stand’s net present value over the present 
rotation. For simplicity, here the forest management operations carried out during the 
rotation include only regeneration of the stand and final clearcut. Only one timber 
assortment is harvested from the final clearcut. The equation assumes that after the 
timber is harvested the forestland is left without use and it does not bring further 
revenues to the landowner under any land use. Leaving the forestland without any 
value makes the maximizing process incomplete, as initially stated by Faustmann 
(1849) and later on by Ohlin (1921) and Samuelson (1976), among others. 
 
The economically accepted formula for the correct maximization of the net present 
value of a stand by using the optimal rotation length was found by German forester 
Martin Faustmann (e.g. Samuelson 1976). As early as in 1849 Faustmann published 
an article that established the basic framework for this problem. He stated that the 
present value of the forestland is the sum of net revenues occurring during infinite 
rotations (Faustmann 1849). Hence, the optimal rotation length is such that it 
maximizes the product of the net present values of the current rotation and all the 
future rotations (equation 2).  
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where 
rte−−1
1  = [1+e-rT+(e-rT)2+ (e-rT)3+...]. 
 
By taking the derivative of the above equation and rearranging the terms, the first-
order condition is: 
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This first-order condition, also called as Faustmann’s optimal rotation rule can be 
further rewritten as follows: 
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Term p(T)q'(T) represents the annual value growth of the stand. Term rp(T)q(T) is 
value of the standing trees invested in an alternative asset class with an interest rate r, 
and represents the opportunity cost of the capital tied in the growing stock. The last 
term on the right-hand-side rLEV is interest on the value of bare land when invested 
in perfect capital markets. Numerator of LEV discounts the costs and revenues that 
occur during the rotation to the beginning of the rotation, while denominator 
discounts this net revenue from the infinite number of future rotations. Value of the 
bare land is also known as the Faustmann formula or by some authors as the land 
expectation value (LEV) or soil expectation value (SEV). According to Faustmann’s 
optimal rotation rule (equation 3), the stand should be harvested when the annual 
value growth equals to the sum of standing trees’ opportunity cost and the 
forestland’s opportunity cost. (Viitala 2002, p. 43-45) 
 
As cited before, the Faustmann’s optimal rotation rule is the economically justified 
solution for the optimal rotation length, i.e. the optimal rotation maximizes the net 
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present value of the current rotation and all the future rotations. The definition of 
forest value in this study is based on the work of Faustmann and is calculated 
according to equation 4, presenting the present value of the even aged standing stock 
and forestland. This equation uses Samuelson’s (1976) result showing that a cycle of 
infinite rotations produces the same result as one rotation model, if the land rent in 
the prefect market in included in the costs. Equation 4 includes, in addition to the 
regeneration costs and final harvest revenues, several timber assortments and costs 
and revenues from intermediate forest management operations, annual land rent and 
net overhead costs (modified from Hyytiäinen and Tahvonen 2003). 
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where V(t) = Present value of the even-aged standing stock and 
forestland at moment t 
pj(ti) = Stumpage price of one cubic meter in the timber 
assortment j (j=1,...,m, m being the number of different 
timber assortments) cut at forestry operation i (i=1,...,n, n 
being the number of forestry operations carried out 
during the rotation)  
qj(ti) = Volume of the timber assortment j, cut at the forestry 
operation i 
C(ti) = Cost related to forestry operation i,  
LEV = Land expectation value, calculated according to the 
Faustmann‘s formula (equation 3) 
T = Optimal rotation length 
a = Annual overhead costs. 
 
In the above equation the costs, revenues and value of the land are discounted to the 
moment of valuation. Land expectation value presents the value of bare forestland 
i.e. it is the value of a stand when it has no timber standing on it. When the forestland 
has a standing stock, the properties of the timber stock (volume, distribution of tree 
diameters and age) greatly affect the value of the forestland. In those cases the net 
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present value of the stand consists of the discounted values of both the bare land and 
the timber (Johansson and Löfgren 1985, p. 86).  
 
In this study the forestland value calculated with the Faustmann’s formula presents 
the value of forestland in the land markets. This is a somewhat simplified 
assumption. For instance, market value of land is affected by factors that are rarely 
accounted for in forest stand optimisation studies. Such factors are for example, 
distance of the forest estate from production sites (transport cost) and expectations 
concerning the future development in the surrounding areas. Klemperer (1996, p. 
222) states that the market value of the land can often be higher than the theoretical 
value of the forestland under timber production. For example, non-timber benefits 
are not included to the theoretical land value resulting from the traditional 
Faustmann’s formula. Lower theoretical land value is also related to the fact that the 
forestland value calculated with Faustmann’s formula corresponds to the value of 
land under forestry use. If the net present value of land under some other land use is 
higher than when assigned to forestry, it is profitable to change the land use 
(Hyytiäinen and Tahvonen 2005). However, as this study concentrates on forest 
investments, the assumption of eternal forestry use is considered reasonable, if not 
completely realistic. Also, using Faustmann’s formula to determine the value of the 
forestland under prevailing timber prices and costs provides for a consistent and a 
general approach to evaluate the land value in different countries.  
 
Fully regulated forest 
The Faustmann’s formula is an economically accepted manner to calculate the 
optimal rotation and land value at the stand level. As most of the forest properties 
consist of several stands of different ages, the practical examination should rather 
concentrate on forest-level decision-making. Fully regulated forest or normal forest, 
which has as many even-aged age classes of the same size as the there are years in 
optimal rotation period, has traditionally been perceived to possess several desirable 
properties. Fully regulated forests provide a continuous and steady timber flow and 
are in that sense regarded as the objective of the sustainable forest management 
(Viitala 2002, p. 65). Although the optimality of the strict normal forest structure has 
been questioned by for example Salo and Tahvonen (2002, 2003), this study assumes 
the investment to consist of fully regulated forest. This approach calculates value for 
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a basic unit of forest. The normal forest point-of-view was also used by Thomson 
(1991, 1997). 
 
The applicability of the Faustmann rule to define the optimal rotation length of a 
fully regulated forest has been under debate among the forest economists. Those 
forest economists that have argued that the Faustmann’s formula results in incorrect 
rotation period when applied to the normal forest, have justified their claims within 
two different frameworks (Tahvonen and Viitala 2006). The first one, based on the 
study of Duerr and Bond (1952) and continued by Oderwald and Duerr (1990), 
among others, relies on the use of “marginal model of divisible forest capital”. 
According to this method, the optimal rotation period is shorter than the Faustmann 
solution due to the treatment of forest as a set of independent units instead of a single 
unit. Another line of researchers has stated that the Faustmann model is not 
applicable for multiple-stand, forest-level, and regional-level optimisation problems 
and that a “neoclassical interpretation” should be used under continuous harvesting. 
This approach originates from the work of Comolli (1981) and has been more 
recently applied by for example Yin and Sedjo (2001). 
 
The approaches of these two schools have been presented in the article of Tahvonen 
and Viitala (2006), which examines the differences between the methods and results 
of the Faustmann and two above-mentioned theories. Thorough analytical 
examination of Tahvonen and Viitala states that the model of Oderwald and Duerr 
(1990) is “economically unwarranted”. Unlike the Faustmann approach, Oderwald 
and Duerr’s method assumes that normal forest’s value equals to the revenues that 
are obtained at the immediate clearcut. Tahvonen and Viitala find that also Comolli’s 
method to derive the formulation for the optimal rotation length is inconsistent and 
hence “Comolli model yields higher (and incorrect) bare land values than the 
Faustmann model”. The article concludes that despite the differences between the 
models of Oderwald and Duerr (1990) and Comolli (1981) and his followers, these 
two formulations result in the exactly same first-order-condition. According to 
Tahvonen and Viitala: “Thus both models yield the same unoptimally short rotation”. 
Instead, they show that the age of the fully regulated forest’s oldest age-class 
corresponds to the Faustmann’s optimal rotation length. (Tahvonen and Viitala 2006) 
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Based on the results of Tahvonen and Viitala (2006), the Faustmann rule can be 
considered to be applicable to the fully regulated forest provided that management of 
individual stands is not dependent on the management of other stands (i.e. there is no 
scale advantages). As the formulation for the optimal rotation length is identical at 
the stand-level and in the wider forest-level context, the valuation of a stand in 
certain age-class is as presented in equation 4 in the previous chapter. The present 
value of a normal forest is the sum of the different age classes’ present values, which 
are calculated according to the equation 4 and divided by the number of different 
age-classes (equation 5). 
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where VNF = Present value of the normal forest’s standing stock and 
forestland 
Vh(t) = Present value of the even-aged standing stock and 
forestland in the age-class h (h=1,...,u, where u is the 
number of different age classes in the normal forest). 
 
As several forest valuation methods appear in the scientific literature, it is important 
to clearly present the principles used in the value calculations. This thesis employs 
the traditional Faustmann framework, where forest’s value is based on the present 
value of revenues and costs occurring during the infinite number of future rotations. 
This approach has been found suitable also for normal forest. Importance of a well-
chosen forest valuation method is also apparent in financial principles; the value 
development constitutes part of the return on forest. As explained in the next chapter, 
components of the return on any asset are the development of the asset’s value and 
the net cash flow occurring during the holding period. 
 
3.2 Rate of return on financial asset classes and forest  
Financial asset classes 
Different asset valuation methods are used in the equity markets. Most commonly the 
stock valuation model is based on expectations on the future cash dividends and 
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stock prices (Bodie et al. 2008, p. 605). Rate of return on a common stock that is held 
for one period consists of the expectations on dividends paid and the price change of 
the stock during the holding-period (equation 6) (Bodie et al. 2008, p. 606).  
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where R = Rate of return 
E(D) = Expected dividend(s) 
E(P0) = Expected price of a stock in the beginning of the holding-
period 
E(P1) = Expected price of a stock at the end of the holding-period. 
 
It is also possible to define the rate of return of an investment to be that discount rate 
that makes the net present value of the investment zero (Brealey et al. 2005, p. 91). 
Equation 7 is applicable to all the assets that have a specified expected value in 
successive years t and t+1. For stocks, again, the expected asset values consist of 
asset’s market value and cash dividends. 
 
0
)1(
)(
)( 1 =+−=
+
R
VE
VENPV tt ,  (7) 
where NPV = Net present value of investment 
E(Vt) = Expected asset value in the year t 
E(Vt+1) = Expected asset value in the year t+1. 
 
From where the formula for rate of return can be derived: 
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In the equation 8 it is assumed that expected cash flow occurs at the end of the year 
(Brealey et al. 2005, p. 45). Certain asset classes however provide income in shorter 
intervals, indicating that the cash flow is divided along the holding-period. This is the 
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case for example with a bank account that pays an interest on the capital each month. 
Compounded rate of return allows for the cash flow paid during the holding-period to 
be reinvested, increasing the amount of capital for which the rate of return is paid. 
Generally, the investment Vt at a rate of R per annum compounded m times a year 
amount in one year to Vt+1 = Vt[1+(R/m)]m  (Brealey et al. 2005, p. 47). As the 
compounding frequency m increases towards continuous compounding, the discount 
factor (1+R/m)m approaches eR, where e is the base for natural logarithm (Brealey et 
al. 2005, p. 47). Equation 9 calculates the asset’s present value when the 
continuously compounded rate of return is used.  
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From which the continuously compounded rate of return (equation 10) can be 
derived: 
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Although continuous compounding is strictly speaking impossible, it is widely used 
among financial managers. Continuous compounding simplifies calculations and 
gives a very close approximation of the NPV of frequent payments (Brealey et al. 
2005, p. 47). In this study, logarithmic return formula presented above will be used 
to calculate the return series for financial assets.  
 
Forest asset 
As the annual rate of return on stocks consists of value change and dividends paid 
during one year, rate of return on forestry can be calculated in a similar manner. As 
stated in Binkley et al. (1996) most institutional investors measure their returns by 
the “total return” method. Total return can be written according to equation 11. 
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where Rt+1 = Rate of return in year t+1 
        Vt+1 = Asset value in year t+1  
CFt+1 = Cash flow occurring in year t+1. 
 
As Binkley et al. (1996) point out, in the equation 11, the cash flow occurs at the end 
of the year. Continuous compounding is also applied in forestry return calculations, 
for example by Washburn and Binkley (1993), Lausti and Penttinen (1998) and 
Hyytiäinen and Penttinen (2008). For a normal forest, the compounded rate of return 
can be written according to the equation 12.  
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where Rt+1  = Continuously compounded rate of return in year t+1 
VNF(t) = 
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 = Present value of the normal forest’s 
standing stock and forestland in year t (see equation 5) 
CF(t+1) = Annual net cash flow received in year t+1. 
 
In this thesis, rate of return on all the asset classes is calculated using continuous 
compounding. Time series of assets’ annual rates of return are then employed in the 
modern portfolio context, reviewed in the next chapter. 
 
 26
3.3 Modern portfolio theory  
The fundamental idea behind the modern portfolio theory is diversification of the 
assets. As stated in this context commonly used phrase “Don’t put all of your eggs in 
one basket”, diversification means decentralizing investments in different assets that 
vary in asset class, characteristics and markets in which they are traded. The basic 
concepts of the theory were initially presented by Harry Markowitz (1952), who 
developed the mean-variance model of the asset selection. He stated that it is not 
only the discounted, expected returns of an asset that an investor should pay attention 
to but, in addition, reduce the risk of overall portfolio by diversifying. It is rational 
for risk-averse investors to allocate their capital into different assets since as shown 
in Markowitz’ article Portfolio Selection, two portfolios or assets having equal 
variances typically result in a smaller variance when combined to one portfolio. It is 
assumed that a rational, risk-averse investor prefers a low variance asset to a high 
variance asset when the returns of the assets are equal. (Markowitz 1952) 
 
Asset parameters 
The fundamental concepts concerning the performance of an asset are asset’s 
expected value, rate of return, variance and standard deviation. When an investor is 
buying an asset, the decision might be backed with the examination of the asset’s 
earlier returns. These historical returns are not however a guarantee of the assets’ 
future value development. An asset’s future value can be described as a random 
variable, where all the potential future values are associated with certain probabilities 
(Luenberger 1998, p. 141). In this case the investor is likely to form an estimation of 
the expected value of the asset, calculated as an average of asset’s estimated values 
multiplied by their probabilities (Luenberger 1998, p. 142). Expected value for all the 
random variables are calculated in a similar manner, hence the formula applies also 
for the expected return (Luenberger 1998, p. 142). Expected values, also called mean 
values, in successive years can be used to calculate asset’s expected rate of return. 
Here a continuously compounded rate of return is used, allowing for the reinvestment 
of the cash flow that occurs during the year. Formulas of these parameters are 
presented in table 1. 
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Asset variance is a measure of the degree of possible deviation from the mean value 
(table 1). Taking the square root of the variance obtains a standard deviation of the 
random variable, which in a similar manner measures how much the random variable 
tends to vary from its expected value. In the framework of modern portfolio theory, 
the standard deviation of an asset’s returns from their mean is equal to the risk 
associated with the asset (Luenberger 1998, p. 157). 
 
Forming estimations about the asset’s expected value is a challenging task and the 
longer the timeframe, the harder the estimation becomes. Every investor forms the 
estimations based on the personal expertise and speculations about the future 
development, hence expected values are always individual. In addition to these 
speculations, the historical values can be used as a supportive estimation method. 
The usage of historical data is based on an assumption that each historical 
observation is an equally likely scenario (Bodie et al. 2008, p. 136). Hence, the 
probability of each value occurring again in the future is 1/n, where n is the number 
of historical observations used in the estimation process. Using historical data results 
in expected value just as other estimation methods, but it changes the calculation of 
the expected values, from the probability-weighted average to the arithmetic average.   
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Table 1. Parameters of asset 
Asset parameters Theoretical formula 
Formula when using 
historical data 
Expected value E(V) ∑
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p(h) = Probability of the value scenario h (h=1,...,n, n being the number of different 
scenarios) 
V(h) = Value of an asset in the value scenario h 
V = Arithmetic average of historical values 
p(m) = Probability of the return scenario m (m=1,...,o, o being the number of 
different scenarios) 
R(m) = Asset rate of return in return scenario m, calculated in this study with 
equation  
( )
( ) ⎟⎟⎠
⎞
⎜⎜⎝
⎛ +
t
t
VE
VE 1ln  
R  = Arithmetic average of historical rates of return 
s2 = Asset variance calculated with arithmetic averages of historical rates of return 
Sources: Luenberger 1998, Bodie et al. 2008 
 
Portfolio parameters 
Several parameters can be calculated to measure the performance of an asset. In a 
similar manner, the performance of a portfolio consisting of two or more assets can 
be examined through certain parameters. In the framework of modern portfolio 
analysis, the expected rate of return, variance and standard deviation of portfolio 
returns as well as covariance of the asset returns are the most important concepts.  
 
Portfolio’s expected rate of return is a weighted average of the assets’ expected 
returns (Bodie et al. 2008, p. 208), as presented in table 2. Weight of an asset in the 
portfolio is the share of total capital that is invested in the asset in question.  
 
Variance of the portfolio is affected by the weights of the assets in the portfolio, but 
in addition, the variance takes into consideration the covariance between different 
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assets. Covariance (table 2) of the asset returns, that measures the mutual dependence 
of two random variables, is an important concept of the modern portfolio theory 
(Luenberger 1998, p. 144). The covariance of two assets’ returns is positive when the 
returns move to the same direction and negative when the simultaneous movement is 
in opposite directions. Covariance between two assets gives an investor another 
possibility to decrease the risk of a portfolio: if one chooses to hold assets with 
negative covariance in the asset portfolio, returns of the assets tend to fluctuate in 
opposite directions, which would decrease the variance of the overall portfolio 
(Bodie et al. 2008, p. 210). Also, the formula of the portfolio variance is presented in 
the table 2. 
 
Formulas for portfolio variance and covariance show that the variance of a 
portfolio’s return is affected by the relative weights of the assets, variances of the 
assets’ returns and correlation between assets’ returns. When the correlation is high 
(close to 1), the portfolio’s variance is also higher.  
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Table 2. Parameters of portfolio   
Portfolio 
parameters 
Theoretical formula 
Formula when using historical 
data 
Expected 
return E(Rp) 
of portfolio 
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Covariance 
of the 
assets’ i and 
j returns  
( ) ( )[ ] jiijji RERECov σσρ=,  ( ) jiijji ssRRCov ρ=,  
wj, wi = Weight of asset j,i (j,i=1,...,k, k being the number of different assets in 
portfolio p) 
pR  = Arithmetic average of historical rates of return of portfolio p  
2
ps  = Portfolio variance calculated with arithmetic averages of historical rates of return 
ρij = Correlation coefficient between assets’ i and j returns 
σi = Standard deviation of asset’s i expected returns 
si = Standard deviation of asset’s i historical arithmetic average returns 
Source: Bodie et al. 2008 
 
 
Efficient frontier 
When an investor is aware of the available risky assets, these assets’ expected 
returns, variances of returns and covariances between asset returns, all the feasible 
portfolios for any targeted standard deviation or expected return can be derived. 
Feasible portfolios are such that they can be formed by changing the weights of 
initially chosen assets (Luenberger 1998, p. 155). A feasible set (all the feasible 
portfolios) is commonly presented in a graph, where the X-axis shows the standard 
deviation of returns, and the Y-axis, the expected return (figure 1).  
 
The upper edge of the feasible set is called the efficient frontier. It consists of all the 
efficient combinations of different risky assets. Efficient in this context means that 
for a chosen risk level the efficient combination of assets reaches the best possible 
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expected rate of return, or for chosen expected rate of return the efficient 
combination reaches the lowest possible risk level (Bodie et al. 2008, p. 208). 
Minimum-variance portfolio is a starting point for the efficient frontier, also 
presented in the figure 1. Minimum-variance portfolio is such an allocation of capital 
between risky asset classes that results in the lowest possible variance (Luenberger 
1998, p. 157).  
 
Figure 1. Feasible set, minimum-variance portfolio and efficient frontier 
 
Risky assets such as stocks and bonds are not the only tools for an investor to 
diversify their portfolio. Especially those investors, who do not tolerate high risk, 
even when it is offset by notable expected returns, are presumed to include risk-free 
assets to their portfolio. Risk-free assets have returns that are known with certainty, 
hence the variance of their returns is zero (Luenberger 1998, p. 165). They can be 
considered to be just interest-bearing instruments, corresponding to lending or 
borrowing money at risk-free rate (Luenberger 1998, p. 165). In practice however, 
very few securities are risk-free. Most commonly the risk-free asset is equated to 
relatively liquid, short-term government bonds (Bodie et al. 2008, p. 177). 
 
As investing in risky asset involves more uncertainty about the future revenue than 
the risk-free asset, it is assumed that a rational investor requires compensation for 
placing her or his money in an insecure investment. This compensation is the 
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expected higher return associated with the risky assets, which means that on top of 
the risk-free rate (that is available for no risk at all) a risk premium has to be paid to 
the investor. In other words, risk premium is that part of the expected return of the 
risky asset, that is paid in excess of return on risk-free securities (Bodie et al. 2008, 
p. G-10). The greater the risk associated with investing in certain asset, the higher 
risk premium is demanded for the compensation. 
 
Inclusion of a risk-free security to the array of possible asset classes has a profound 
effect on the formulation of the optimal portfolio (Luenberger 1998, p. 165-167). The 
final decision of an investor is not only to find the optimal weights of the risky 
assets, but also to define what are the shares of the capital to be invested in risk-free 
asset and risky portfolio. Efficient frontier, that consists of all the possible, efficient 
risky portfolios, and a risk-free asset is presented in the figure 2.  
 
 
 
Figure 2. Efficient frontier and capital allocation line 
 
In the figure 2, risk-free asset is situated on the Y-axis, where the risk-free rate is 
possible to attain without involving any risk. The line that connects the risk-free asset 
and the chosen risky portfolio is called the capital allocation line (CAL) and it 
consists of all the possible risk-return combinations available to the investor (Bodie 
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et al. 2008, p. 179). In other words, depending on the fractions of the total portfolio 
invested in the risky portfolio and risk-free asset, the investor is placed into one of 
the points that form CAL. Slope of CAL measures the increase in the complete 
portfolio’s expected return per unit of additional standard deviation (risk). This ratio, 
presented in equation 13, is also called as the reward-to-variability ratio or Sharpe 
ratio (Bodie et al. 2008, p. 179), 
 
( )
p
fp RRES σ
−= ,  (13) 
where S = Sharpe ratio 
E(Rp) = Expected portfolio rate of return  
Rf = Risk-free rate 
σp = Standard deviation of portfolio’s returns. 
 
Maximization 
When the risk-free asset is available, the complete feasible set that can be formed of 
all possible asset combinations is expanded. The upper edge of this complete feasible 
set (CAL) is tangent to the feasible set of risky assets (Luenberger 1998, p. 166). The 
point where CAL touches the efficient frontier is the unique, and optimal, risky 
portfolio (Bodie et al. 2008, p. 220). The optimal risky portfolio is shown in figure 2. 
Weights of risky assets in that optimal portfolio are such, that every investor should 
have the identical weights in their own risky portfolios. Any efficient point on CAL 
can be expressed as a combination of the optimal risky portfolio and the risk-free 
asset. On this conclusion is based the final statement of the mean-variance portfolio 
theory, so called one-fund theorem (modified from Luenberger 1998, p. 167): 
 
There is a single portfolio of risky assets such that any efficient 
portfolio can be constructed as a combination of this optimal risky 
portfolio and the risk-free asset.  
 
This conclusion is important. It means that all the investors who aim at optimising 
their portfolio will hold exactly the same risky portfolio, in terms of the asset's 
relative weights. Only the shares of the portfolio invested in the risk-free asset and 
 34
this optimal risky portfolio change depending on the personal characteristics such as 
risk aversion and form of the utility curve. Every investor chooses a point on CAL 
where the ratio of risk and expected return is appropriate for her or him. They aim to 
maximize the expected rate of return at the given level of risk, thus having a 
quadratic utility function. 
 
In order to find the point where CAL is tangent to the efficient frontier, a quadratic 
optimisation process can be used (Brealey et al. 2005, p. 186). The objective is to 
find such weights for the risky assets that result in the highest slope of CAL (Bodie 
et al. 2008, p. 219). This requires maximization of the slope of the CAL for any 
possible risky portfolio p. The problem can be stated as follows,  
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subject to Σwi = 1 and wi ≥ 0, 
where Sp = Slope of the CAL, also known as the Sharpe ratio or reward-
to-variability ratio 
wi = Weight of the asset i 
E(Ri) = Expected return of the asset i 
Rf  = Risk-free rate of return 
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= =
= Standard deviation of the 
portfolio p returns. 
 
Three possible constraints can be used in the maximization process. Firstly, the sum 
of asset weights has to equal one (Σwi = 1). This ensures that the investor is fully 
using the capital allocated to risky assets. Secondly, it is possible to exclude short 
selling from the optimisation process. In short selling, the investor borrows the asset 
from its owner and sells it. Some time later, the asset is purchased again and returned 
to its owner. When the selling price is higher than the purchase price the investor has 
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then made a profit. If these types of activities are left outside the maximization 
process, a constraint wi ≥ 0 is included. This study assumes that the investor is not 
using short selling. 
 
A third possible constraint, although not used in this study, excludes the possibility to 
increase the initial share of an asset in the portfolio. This constraint is w ≤ w0, where 
w0 is the initial share of asset in wealth (Heikkinen 1999). When the share of forest 
assets is optimised under this constraint, the possibility to buy similar stands i.e. 
increase the share of each forest asset from the initial weighting is prohibited 
(Heikkinen 1999). This constraint is reasonable, as forest stands vary in several 
different characteristics and it might be difficult to find similar stands to be included 
in the portfolio. According to Heikkinen (1999), in the Finnish case, the effect of this 
buying constraint is observable only in low return-low risk combinations. However, 
as the purpose of this study is to examine the optimal share of forest in the 
investment portfolio, it would be impractical to limit the share of forest assets. 
Hence, this constraint is left outside of the examination.  
 
Modern portfolio theory sets down the principles for the portfolio optimisation. 
Together with the previous subchapters, which have concentrated on the forest 
valuation and calculation of the annual rate of return, these three sections form the 
framework in which the forest’s attractiveness as an investment can be measured. In 
order to empirically test the applicability of this framework, three hypothetical forest 
assets are created. These assets as well as three alternative financial assets are 
described in the next chapter.  
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4. DATA AND METHODS 
 
The previous chapter looked at the return and risk of an investment portfolio and 
how these important parameters are calculated. Calculation principles that were 
presented are applicable for both national-level portfolios as well as for 
internationally diversified portfolios, although the determinants of asset’s realised 
return are somewhat different. International investing requires an extended scope of 
factors that have to be examined before the investment decision is made.  
 
The additional factors to be taken into consideration before international investments 
are carried out, are differences in interest rates, inflation, fluctuation of exchange 
rates and political risk. Interest rate differences and national levels of inflation should 
both be balanced away through exchange rate fluctuations. For example, the interest 
rate parity theory states that a U.S. citizen who places deposits in Uruguay to receive 
a higher rate of interest, will find that after exchanging the deposit and interest back 
to U.S. dollars, the actual interest has been more or less the same as available in the 
United States. Also, according to the purchasing power parity, any differences 
between the national inflation-levels should be offset by a change in the exchange 
rate. (Brealey et al. 2005, p. 755-760) 
 
Currency risk and political risk remain important determinants of international 
investing. Changes in the real exchange rates create economic exposure, which can 
be a major risk for investors (Brealey et al. 2005, p. 767). Currency risk can be 
reduced by hedging in the financial markets, either by borrowing in a foreign 
currency or by selling the currency forward (Brealey et al. 2005, p. 767). These 
methods will be examined more closely in chapter 5.3. Political risk involves 
anticipated actions by governments or courts that jeopardise the operating 
environment of the investment. Also, political risk can be reduced by creating such 
terms of investment that the bargaining position with foreign governments is 
improved (Brealey et al. 2005, p. 771).  
 
Currency risk and political risk affect both financial and real foreign investments. 
Forestry returns are vulnerable to exchange rate fluctuations, just as common stocks 
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are. Both financial and forest investments can be made based on attractive 
government subsidies or tax reliefs, which are subject to governmental changes. The 
different components of forestry returns give some support against the fluctuations in 
the financial markets, although the rapidly changing circumstances highlights the 
liquidity of an asset. As discussed in chapter 2.2, forest asset’s liquidity is dependent 
on several factors, such as the investment vehicle used. These sources of risk are not 
as such included to the risk-return examination carried out in this study. This is 
mainly due to the simple structure of Markowitz’ mean-variance model which 
interprets risk to be the variance of returns. As in this thesis, the rates of return are 
calculated in euros for all the assets, exchange risk is thereby indirectly included into 
calculations. In general, all sources of unsystematic risk can be reduced by asset 
diversification.  
 
The first part of this chapter presents the input data used for return calculations. 
Forest assets from three chosen target countries and three alternative financial assets 
are described. The second part explains the methods and restrictions that are used in 
the rate of return calculations and portfolio optimisation. 
 
4.1 Data 
4.1.1 Forest assets 
In order to compare forest assets in different locations of the world, input data is 
required from all the chosen target countries: Finland, the United States and 
Uruguay. The input data consist of national- or region-level price series for the 
chosen species, for those timber assortments that are harvested during the rotation. 
Length of the price series is 18 years (1990-2007). In addition to the price series, 
forest management costs are needed to calculate the net income. Due to the lack of 
available statistical data and different data sources that were used, development of 
the costs between years 1990-2007 needs to be constructed for this study. Firstly, 
cost data from as recent of a year as possible is collected. This year’s costs are used 
as a starting point of the cost time series, which are calculated based on the suitable 
data available on the national level. Concerning the target countries’ general 
characteristics of forestry and a chosen tree species, a representative regime in terms 
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of rotation length, silvicultural activities, management costs and harvested timber 
volumes is created. With this input data it is possible to calculate the net present 
value of one hectare of fully regulated forest.  
 
Input data are presented in the appendices I, II and III, except for the silvicultural 
costs and timber price data for forest assets in the United States and Uruguay. This 
data, received from forest consulting company Indufor Oy (Indufor Oy 2008a), is 
confidential and cannot be made public. Country-specific sources of the input data 
are described in more detail in the below paragraphs and appendix I.  
 
Finland 
According to the Statistical Yearbook of Forestry 2007, in 2006 the forestland in 
Finland covered over 20.1 million hectares. On 4.8 million hectares of the forestland 
(24%), the dominant tree species was spruce. The geographical location of the spruce 
stand chosen for this study is in the region of Etelä-Savo. The forestry centre of 
Etelä-Savo is the fifth largest forestry centre in the Southern Finland, measured by 
the extent of forestland. The proportion of spruce in Etelä-Savo is above the national 
average: 37%. Almost 52% of the artificial regeneration carried out in 2006 was 
done with spruce. (Finnish Forest Research Institute 2007) 
 
Management regime and timber assortments harvested in different stages of the 
spruce regime are calculated with MOTTI software. This stand-level simulator is 
developed by the Finnish Forest Research Institute to simulate management 
decisions’ effects on stand development and timber growth in different regions of 
Finland (Finnish Forest Research Institute 2008c). Management operations include 
site preparation, planting, weeding, seedling management, two thinnings and final 
harvest. Management operations are simulated to be in line with the forest 
management recommendations developed by the Forestry Development Centre 
Tapio.  
 
Stumpage price series of spruce pulpwood and saw logs are collected from Metinfo, 
the forest information service managed by the Finnish Forest Research Institute 
(Finnish Forest Research Institute 2008a). Price series used in this study date back to 
1990 and are average prices for the whole country. Cost data is (apart from annual 
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overhead costs) from the sources of the Finnish Forest Research Institute, which 
collects Finnish average unit costs for several forest management operations 
annually. Unit cost data is based on forestry operations carried out in non-industrial 
private forests. Unit costs (€/ha) between 1996-2007 are available from Metinfo for 
all the silvicultural operations except weeding, which is carried out during the 8th 
year of the chosen regime. Unit costs for planting and seedling management between 
years 1990-1995 are available from the Statistical Yearbook of Forestry 2007 
(Finnish Forest Research Institute 2007). For the years 1990-1995, site preparation’s 
unit cost development is assumed to follow the development of the planting and 
seedling management costs. Unit cost of weeding is formed based on the total area 
(ha) and total cost (€) of grass suppression realized between 2001-2007, reported by 
Metinfo. Between 1990-2000, the cost development of weeding is assumed to follow 
the development of the planting and seedling management costs. Annual overhead 
costs for the years 2003-2007 are from the forestry research and development 
company Metsäteho, which publishes Finnish forest industries’ forest management 
costs annually (Strandström 2008). For the years 1990-2002 overhead cost 
development is assumed to have followed the development of the planting and 
seedling management costs.  
 
Finnish forest management costs and stumpage prices from the years 1990-2007 are 
presented in the appendix II. 
 
The United States  
According to the publication “Forest Resources of the United States, 2002” (Smith et 
al. 2004), area of timberland in U.S. South (Southeast and South Central) in 2002 
was 202.7 million acres, corresponding to approximately 82.1 million hectares. 
Timberland is defined as forestland capable of producing crops of industrial wood. 
Under public ownership were 21.2 million acres (10%) of timberland while forest 
industry owned 35.9 million acres (18%) and non-industrial private forest owners 
145.5 million acres (72%). Loblolly and shortleaf pines cover over 51 million acres 
(25%) of timberland in the South and are also dominant in the state of Georgia, 
where 28% of the net volume of the timberland’s growing stock consists of loblolly 
and shortleaf pines. In 2002 Georgia had 23.8 million acres of timberland, having the 
largest timberland area of all the states in the South. (Smith et al. 2004) 
 40
 Data on the management regime was received from Indufor Oy. Forest management 
activities, harvested volumes and management costs in the year 2007 are based on 
the loblolly pine regime used in the state of Georgia for below average or average 
soils. Silvicultural operations applied during the rotation include: site preparation, 
planting, herbicide application, fertilization, thinning and final harvest. 
 
Southern U.S. stumpage price series of pine pulpwood, chip-n-saw and saw logs 
were received from TimberMart South. TimberMart South is an information provider 
that serves all actors of the timber industry in the Southern states of the United States 
(TimberMart South 2008). Price series used in this study date back to 1990. Cost 
series are built based on Folegatti et al. (2007) and Dubois et al. (1999), which 
present development of ten common forestry practices’ average costs in the Southern 
United States for even years from 1982 to 2006. Costs for uneven years are formed 
using linear interpolation. For 2007, it is assumed that cost development has 
followed average percentual development of three previous years. For those forestry 
practices that are included to the regime used in this study the annual rate of change 
is calculated. These annual percentage changes are used to form the cost series from 
the base year 2007 to year 1990. Cost data for the base year 2007 was received from 
Indufor Oy, except the annual overhead costs. Overhead costs for the year 2006 are 
based on the article of Cubbage et al. (2007). Their estimation of the annual overhead 
costs was similar to that of Siry et al. (2001). Development of the overhead costs is 
assumed to have followed the development of the site preparation costs. 
 
All the costs and harvest volumes, initially presented as USD per acre, were changed 
to USD per hectare before the present value calculations. Because the United States 
forest management costs and stumpage prices from 1990 to 2007 are confidential 
data, only the exchange rate for the period 1990-2007 is listed in the appendix III. 
 
Uruguay 
According to the national statistics, in 2006 the plantation area in Uruguay covered 
684,000 hectares (Ministerio de Ganadería, Agricultura y Pesca, Republica Oriental 
del Uruguay 2008). Of this, 65% was planted with eucalyptus (mainly E. grandis and 
E. globulus), 28% with pine and 7% with other tree species. Estimated harvests from 
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eucalyptus plantations yielded almost 6.5 million m³ in 2006 (Indufor Oy 2008b). 
Almost 94% of the new plantation establishments in 2006 took place in the South 
East part of the country: provinces of Río Negro, Paysandú and Soriano (Ministerio 
de Ganadería, Agricultura y Pesca, Republica Oriental del Uruguay 2008). Plantation 
expansion has however decreased considerably from the top years in the late 1990s. 
 
Plantation management regime, used in the year 2007, is based on the information 
received from Indufor Oy. Silvicultural operations for rotation that is initiated with 
planted clones include site preparation, planting, fertilizing, herbicide application and 
final harvest. As the purpose of the chosen regime is to produce pulpwood, and no 
seedling management or thinnings are done during the rotation, the known mean 
annual increment (MAI) multiplied by the number of growing seasons gives a good 
approximation of the harvestable volume. In the traditional industrial pulpwood 
regimes coppice regeneration is applied one to two times after seedling rotations 
(Indufor Oy 2008b). As the genetic material used in Uruguay is still under relatively 
rapid development, in the chosen regime every other rotation is regenerated with 
coppice. Silvicultural operations for coppice rotation include removing of logging 
residuals, coppice management, fertilizing, herbicide application and final harvest. 
 
Price series of eucalyptus pulpwood, in U.S. dollars, was received from Pike 
Consulting., Uruguay-based forest consulting company. Pike Consulting provides 
services in forestry investment planning, plantation design, forest management 
planning and logistical solutions, among others (Pike Consulting 2008). Prices are 
changed into Uruguayan pesos with annual exchange rates. As the price series 
consists of f.o.b. (free on board) prices from the year 1990 onwards, these export 
prices are changed into stumpage prices by subtracting the average costs of 
harvesting, forwarding to roadside, loading and transportation. Based on the Indufor 
Oy knowledge of the Uruguayan plantation industry, an average transportation 
distance is estimated to be 150 km.  
 
Plantation management, harvesting and transportation cost data from the year 2007 
were also received from Indufor Oy. Cost development between years 1990-2007 is 
assumed to have followed the percentual development of indicative eucalyptus 
forestation costs (1,250 seedlings/ha). These costs are calculated for years 1989-2008 
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by Dirección General Forestal, Forestry Bureau of the Ministry of Agriculture, 
Livestock and Fishery and published in their web pages (Dirección General Forestal, 
Ministerio de Ganadería, Agricultura y Pesca). 
 
Uruguayan forest management costs and stumpage prices are confidential data. 
Therefore only the exchange rate UYU-USD for the years 1990-2007 is listed in the 
appendix III. 
 
4.1.2 Financial assets 
Three financial assets are used as alternative investments to the forest assets. These 
financial assets are chosen based on the geographical composition and 
representativeness of the asset class in question. Hence, all the chosen assets are 
indices, combining the performance of numerous securities of the same asset class. 
All the indices used are total return indices and available in local currencies for the 
period 1990-2007 from the Thomson Datastream information provider (Thomson 
Financial). Arithmetic yearly averages are calculated from the monthly total return 
index values. Thus the data is made comparable to stumpage prices, which are 
calculated as yearly averages (Washburn and Binkley 1990). Total return indices in 
local currencies are changed into euros by dividing with the exchange rate. Also, all 
the exchange rates used in this study are collected from Thomson Datastream. 
 
First of the financial assets is stock index Standard and Poor’s 500 Composite. 
Standard and Poor’s 500 Composite (S&P 500) is well-known index including stocks 
of 500 leading companies traded in the United States stock exchanges. Index is 
weighted by market capitalization and covers around 75% of the U.S. equities market 
(Standard & Poor' 2008). S&P 500 has been considered as one of the leading market 
indicators in the United States and is used in for example studies of Redmond and 
Cubbage (1988) and Thomson (1991).  
 
Second financial asset used in the study is real estate index IPD UK. IPD (Investment 
Property Databank) provides services and products to the real estate markets, 
including several national and regional total return indices. IPD UK is a value-
weighted index that measures the performance of the real estate markets in the 
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United Kingdom. IPD Annual index covers around 12,000 directly held UK property 
investments and is estimated to represent just over 75% of the total combined value 
of assets held by institutions, trusts, partnerships and listed property companies. (IPD 
2008) 
 
Third financial asset used for the portfolio optimisation is bond index REX General. 
Published by Deutche Börse Group, REX index consists of Federal government 
bonds, Federal debt obligations and Treasure notes, issued by the Federal Republic 
of Germany. All the components of REX index have a fixed coupon and a remaining 
maturity between 0.5 and 10.5 years. (Deutche Börse Group 2004) 
 
Total return indices of these three financial assets from 1990 to 2007 are listed in the 
appendix IV. 
 
4.2 Methods 
4.2.1 Return series 
Each forest asset is considered to be a fully regulated forest, where the number of 
different age classes corresponds to the number of even-aged parcels within one 
hectare. For example, in the case of the United States, the number of evenly sized 
age classes within one hectare is 26. As it is assumed that all the age classes are 
managed independently and there are no scale advantages, increasing the size of the 
normal forest will not affect the rate of return, given that the normal forest structure 
is maintained. These per hectare returns can be considered as representative per unit 
returns. As a starting point, the investor already owns one unit of fully regulated 
forest in each of the target countries. Risks related to natural disasters are neglected. 
 
Net present value of each normal forest is calculated according to the equation 5. 
Every age class is valued according to the discounted future net cash flow. Future net 
cash flow consists of revenues and costs occurring during the remaining rotation, as 
well as the value of the forestland in the end of the rotation, all of which are 
discounted from the moment of occurrence to the moment of valuation (equation 4). 
In the end of the rotation the landowner can choose whether to keep the bare land or 
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sell it. Either way, the landowner has to include land’s value in the present value 
calculations. Value of the bare forestland is defined with the Faustmann formula 
(equation 3). According to the Faustmann formula, value of the forestland is net 
revenue stream from infinitely continuing rotations, discounted at the end of the 
ongoing rotation. It presents the theoretical value of the forestland under infinite 
forestry use. Annual rates of return on forest assets are calculated according to 
formula 12. Annual rates of return on financial assets are calculated according to 
formula 10, which measures the relative change in the total return indices in 
successive years.  
 
When calculating the net present values of forest assets, an appropriate discount rate 
has to be chosen. Discount rate is the interest rate used in discounting future values 
to present values. They reflect the expectations on the asset’s future performance. 
When comparing two investments of equal length, but different risk levels, the 
investors are expected to demand higher returns from riskier investment and in that 
way seek compensation for the uncertainty (Bodie et al. 2008, p. 136). Present values 
of the risk-free and risky investments are not the same: higher the chosen discount 
rate, lower will become the present value of investment (Klemperer 1996, p. 307). 
The risk of an investment is one factor affecting the discount rate, length of the 
investment period and investor’s degree of risk aversion are others (Klemperer 1996, 
p. 309).  
 
As stated, the discount rates chosen for forest assets’ present value calculations need 
to reflect the time frame and expected variation of returns in each country. Investor’s 
personal level of risk aversion is assumed to stay constant. In principal, the 
appropriate discount rate for an investment would be the rate of return offered by 
equivalent investment alternatives in the capital market (Brealey et al. 2005, p. 16). 
This alternative rate of return is called the opportunity cost of capital.  
 
Opportunity cost of capital is applied as a reference rate of return in the common 
capital budgeting methods. Net present value (NPV) is the indicator whether it is 
profitable to invest in a project or not. It is the capital budgeting method that is most 
commonly recommended in the text books (e.g. Brealey et al. 2005, Luenberger 
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1998, Klemperer 1996), mainly because alternative, often more complicated methods 
may lead to flawed decisions.  
 
A problem related to the use of NPV as an investment decision tool is the selection 
of an appropriate discount rate. In this study, the selection of the discount rate for the 
net present value calculations of the normal forest proves to be problematic. It is 
evident that when the returns from normal forest or forest stand are calculated with 
constant timber prices and forest management costs, the discount rate, which is used 
in the net present value calculations, is exactly the same as the annual rate of return 
(calculated with equation 12). As a result, the chosen discount rate also determines 
each forest asset’s average rate of return and heavily affects optimisation results. 
Therefore, the selection of discount rate requires caution and economically justified 
principles. Discount rates used in this study are described in the next paragraph. 
 
Assume that in each country (Finland, The United States, Uruguay) the markets for 
timber and forestland are perfect. In such conditions, the long-run profits from 
investments in forestry are zero. In this study, the discounting rate for each case 
studies forest asset is derived by determining an internal rate of return (i.e. return on 
capital tied to the bare forest land), which is based on statistics of average land prices 
and representative chains of stand management. Internal rate of return is defined as 
that discount rate that makes the net present value of an investment zero, being equal 
to the opportunity cost of capital (Brealey et al. 2005, p. 93).  
 
For Finland, the value of the bare forestland was received from the auxiliary value 
tables used for the summation approach and developed by Forestry Development 
Centre Tapio (Paananen 2007). The summation approach valuates the land and the 
timber separately and then forms an estimation of the total value of the forest 
holding. Although the bare land values in these tables are calculated using the 
Faustmann formula and discount rates are chosen so that the value of the forestland 
is always positive, these values are commonly used in the forest valuations in 
Finland (Airaksinen 2008, p. 5). Auxiliary tables give the MT type bare forestland in 
the region of Etelä-Savo a value of 220-320 euros per hectare. This bare land value is 
calculated using forest management costs from the years 2002-2006. As several of 
the bare land values in the auxiliary tables are higher than market prices (Paananen 
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2007, p. 5), a value of 220 euros per hectare is chosen to be the value of the Finnish 
bare forestland in this study. 
 
In recent years, value of the bare land has increased rapidly in certain parts of the 
state of Georgia, U.S. This is part of a development recognized in all the southeastern 
states where economic and population growth has been identified to occupy forestry 
land. Forecasts suggest that approximately 12 million acres (4.9 million hectares) of 
forested land will be developed by the year 2020 (Wear and Newman 2004). 
However, if a landowner is willing to commit her or his land for forestry for ten 
years, it is possible to reduce the property tax by applying for a Conservation Use 
Valuation (CUV) taxation system. In CUV system, a landowner signs a 10-year 
covenant with the county, assures that the land will be under forestry use for the next 
ten years and receives a smaller taxable value for the bare land (Dangerfield et al. 
2004). Value of the forestland is smaller than in the market valuation as the future 
“higher and better land use” development options are excluded. The Center of Forest 
Business in the University of Georgia has published the CUV table of values for the 
year 2005 (Dangerfield et al. 2005). In CUV valuation table bare forestland is 
divided into 9 site categories, class 1 including the most and class 9 the least 
productive land. As the forestland of the case study was described to have an average 
or below average soil, a statewide mean of the CUV values in the forestland class 6 
is calculated to be USD 360 per acre. Therefore the value of the bare forestland in 
this study is set on USD 360 per acre in 2005.  
 
Value of the bare forestland in Uruguay is set to be USD 2,000 (equivalent to 47,250 
Uruguayan pesos) per hectare in 2007. This is based on the knowledge of the 
Uruguayan plantation industry, received from Indufor Oy.  
 
Bare land values described in the three previous paragraphs are placed in the 
beginning of each forest assets’ first rotation as the initial land purchasing cost. As 
the data on land values is available only for a certain year (for the United States year 
2005 and Uruguay year 2007) or for a certain period of time (for Finland 2002-
2006), these bare land values are placed in the beginning of the net present value 
calculations of the above-mentioned years. For example, the bare land value in 
Georgia in 2005 is placed in the beginning of that net present value calculation which 
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uses the prices and costs from the year 2005. The following rotations, which are 
identical to the first one, except that they do not include the cost of the bare land, are 
assumed to continue to infinity. The discount rate, which brings the net present value 
of this series to zero, is found by using iteration. For Finland, the arithmetic average 
of the internal rates of return for the years 2002, 2003, 2004, 2005 and 2006 is 
calculated and used as general discount rate. 
 
The discount rates (i.e. internal rate of return) calculated as explained above and used 
in this study are 3.7% for Finland, 6.9% for the United States and 10.3% for 
Uruguay.  These rates are then used as discount rates to calculate net present values 
of normal forests (equation 5) for years 1990-2007.  
 
These discount rates are somewhat smaller but still relatively well in line with what 
other sources have reported on returns on forest assets in countries in question. For 
Finnish non-industrial private forest owners, the average nominal return on forest 
assets during 2002-2006 was 4.5% with and 4.3% without government subsidies 
(Finnish Forest Research Institute 2008a). Thomson (1991, 1997) used a real 
discount rate of 5% in calculating the forestry returns in the United States. This 
decision was based on a study of Berck (1979), which found a discount rate of 5% to 
be consistent with the harvest patterns of American corporate timberlands. The 
average inflation between 1990-2007 in the United States was 2.9% (U.S. 
Department of Labor, Bureau of Labor Statistics 2008). Information received from 
Indufor Oy was that operators of the Uruguayan plantation industry have used a 
nominal discount rate of 11% in their financial calculations. 
  
Since the investor is based within Europe, return calculations, which measure annual 
return as value change and annual net cash flow, are valued in euros. For the United 
States and Uruguay, where value development of the normal forest and annual cash 
flow were calculated in local currencies, these return components were changed into 
euros with yearly exchange rates. Yearly exchange rates for years 1990-2007 were 
available from the Thomson Datastream database of Helsinki School of Economics.  
 
Currency exchange brings to the analysis the effect of the exchange rate fluctuations, 
which is one of the factors influencing the country-specific risk of an investment and 
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the attractiveness of investing in the country in question. If the value of the currency 
in which the returns are paid decreases relative to the investor’s home currency, the 
profit margin is reduced by the sum lost in the unfavourable currency exchange. In 
this study’s euro-based returns, the historical risk of an asset is not only due to the 
financial performance of an asset, but also to the development of currencies mutual 
relation. For examining the variation of returns without the effect of exchange rates, 
an alternative scenario is constructed: optimisation process is repeated with return 
series that are calculated in local currencies. Both in the euro and local currency 
scenario all the input data, discount rates and rates of return are in nominal terms. 
 
Nominal rates of return on all the case study assets for years 1991-2007 are presented 
in appendices V and VI.  
 
4.2.2 Calculating the optimal risky portfolio 
Portfolio optimisation is a process, in which the relative weights of assets included in 
the portfolio are chosen in such a manner, that the overall return is maximized at the 
level of portfolio holder’s personal risk aversion. As the degree of risk aversion 
defines how big is the share of capital invested in risk-free asset and optimal risky 
portfolio, focus of this study lies on the composition of the risky portfolio.  
 
This study examines the effect of forest on the performance of the optimal risky 
portfolio. Firstly an optimal risky portfolio is formed, consisting of only financial 
assets. Then forest assets are included into the risky portfolio. Effect of forest assets 
inclusion to the portfolio’s asset weights, return and risk is examined. Finally, the 
optimisation process is repeated with rates of return based on the local currencies. 
This type of examination excludes the effect of exchange rates on the return series.  
 
Asset weight optimisation is carried out in Microsoft Excel 2000 by using the solver 
tool. The input data consists of the annual rates of return, 17 values (1991-2007) for 
each asset (Finland, the United States, Uruguay, S&P 500 index, IPD UK index and 
REX General index). By using the analytical tools of MS Excel, the covariance 
matrix is formulated based on the return series. In this study, arithmetic averages of 
the historical rates of return present the expected returns and are used to calculate the 
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portfolio’s expected rate of return. Covariance matrix reveals each asset’s 
contribution to the portfolio variance. Weights of the different assets in the efficient 
frontier are found by setting the objective function of solver to maximize the slope of 
capital allocation line (equation 14), also known as Sharpe’s ratio. Sharpe’s ratio is 
the portfolio’s mean excess return divided by portfolio’s standard deviation (Bodie et 
al. 2008, p. 154). This maximization process is repeated for different risk-free rates. 
Cells, that are set to change in the optimisation process, are the weights of the assets 
in the portfolio. The first constraint to the objective function is that the asset weights 
have to sum equal to one. Secondly, asset weights are constrained to be non-
negative. This makes short selling (i.e. selling of securities one has borrowed) 
impossible.  
 
This chapter has described the input data of the case assets, used to empirically test 
the previously described theoretical framework. Also, methods used for the return 
calculations and portfolio optimisation were reviewed. The following chapter 
examines the results of these processes and provides information to answer the 
research questions set in this study. 
 50
5. RESULTS 
 
5.1 Risk-return combinations of different assets 
Nominal return series of different asset classes are presented in figure 3. These return 
series are calculated based on the value development and annual cash flows, 
measured in euros.  
Nominal euro-based returns for forest assets 1991-2007
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Nominal euro-based returns for financial assets 1991-2007
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Figure 3. Development of assets’ nominal euro-based rates of return 
between 1991-2007 
 
Historical mean rate of return (arithmetic average of annual rates of return, which are 
calculated with equation 12) is 6.9% for Finnish, 9.5% for American and 8.2% for 
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Uruguayan forest asset. S&P 500 index has the highest average return of 10.9% and 
REX General index the lowest, 6.5%. IPD UK index has a mean return of 10.2%. As 
shown in the figure 3, the highest and the lowest annual rates of return are found 
from Uruguayan forest asset’s curve (73.5% in 2005 and –47.6% in 2003). The 
Uruguayan asset has also the highest standard deviation of the returns, 29.1%.  
 
There is at least one evident source of variability in the Uruguayan return series. The 
Uruguayan peso (UYU) has experienced a strong decrease in value, as in 1990 one 
U.S. dollar was worth 1.25 pesos, while in 2007 one dollar was exchanged to 23.6 
pesos. In the case of Uruguay, exchange rates influence the change of forest’s values 
and annual net cash flows from Uruguayan pesos to euros. Exchange rate 
fluctuations are however partly offset by inflation. According to the purchasing 
power parity, fluctuations of the exchange rate are related to changes in the inflation 
rate (i.e. increased costs) (Brealey et al. 2005, p. 760). As the forest management 
costs in Uruguay have experienced a rapid rise between 1990-2007, so has the 
decline in value of the peso measured against USD been evident, declining from 0.8 
to 0.04. Variation of the other forest assets’ return series is much smaller: 11.5% for 
Finland and 17.7% for the United States. 
 
As mentioned in chapter 3.3, covariance of the asset returns is an important 
determinant affecting the portfolio variance and also portfolio optimisation. By 
examining the equations in table 1 one can observe that covariance is calculated 
using correlation coefficient. Just as covariance, correlation also measures the 
magnitude of linear relationship between two assets’ returns (Luenberger 1998, p. 
145). Unlike covariance, it is not dependent on the variables’ units of measurement, 
but is scaled to vary from –1 (perfect negative correlation) to 1 (perfect positive 
correlation).  
 
Correlation between forest assets’ return series is small, between –0.25 (Finland and 
USA) and 0.31 (Finland and Uruguay). When the financial assets are brought to the 
examination, correlation coefficients rise. The highest positive correlation (0.75) is 
between the forest asset in the U.S. and S&P 500 index. IPD UK index has a positive 
correlation of 0.45 with Finnish forest asset as well as with S&P 500 index. The 
highest negative correlation (-0.63) is between the Finnish forest asset and the REX 
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index. The Uruguayan forest asset has a negative or small positive correlation with 
all the financial assets, while the correlations between forest asset in the United 
States and financial assets are all positive, varying from 0.26 to 0.75.  
 
Table 3. Correlation matrix of asset returns 
 
Finland USA Uruguay S&P500 UK IPD REX General
Finland 1
USA -0,25 1
Uruguay 0,31 0,01 1
S&P500 -0,02 0,75 -0,03 1
UK IPD 0,45 0,26 0,13 0,45 1
REX General -0,63 0,43 -0,26 0,18 -0,34 1
Risk-return combinations of financial assets and forest assets are shown in figure 4.  
Figure 4 is drawn by maximizing the slope of capital allocation line (equation 14) for 
different risk-free rates.  
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Figure 4. Efficient frontier and different asset classes’ risk-return 
combinations 
 
Among the forest assets, the United States has the highest rate of return but not the 
highest standard deviation. Finland has a rate of return and standard deviation 
smaller than the United States. Uruguay has the highest standard deviation of all the 
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assets (29.1%) while the expected return is the third lowest after REX index and 
Finnish forest asset. Financial assets have attractive risk-return combinations and 
have the highest profitability at the given risk-level. The highest rates of return can 
be achieved by investing only in S&P 500 index, which yields a return of over 10.9% 
with a standard deviation of almost 20%. IPD UK index has a lower expected return 
(10.2%) but also a considerably smaller standard deviation (10.2%). REX index has 
the lowest mean rate of return (6.5%) but also at the lowest risk (3.6%).  
 
5.2 Effect of forest assets to the portfolio return and variance 
The original portfolio is assumed to consist of three financial assets: Standard & 
Poor’s 500 stock index, British real estate index IPD UK and German government’s 
bond index REX General. The optimal asset allocation between these three assets at 
different risk-free rates is presented in figure 5.  
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Figure 5. Optimal shares of financial assets at different risk-free rates 
 
As can be seen in figure 5, increase in the risk-free rate raises the share of riskier 
assets IPD UK and S&P 500 compared to bond index REX General, which has an 
asset share of over 76% at 3.5% risk-free rate. At the risk-free rate of 6.5%, the S&P 
500 index is included, while after risk-free rate of 7% REX index is excluded from 
the optimal portfolio. As the risk-free rate increases, eventually 100% of the portfolio 
is invested in S&P 500. This can also be seen graphically in figure 6, which shows 
how the choice of the risk-free rate changes the optimal risky portfolio. If the 
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available risk-free rates are low compared to returns on risky assets and slope of the 
capital allocation line (CAL) is high, the optimal risky portfolio includes more assets 
of low standard deviation. In figure 6, the low risk-free rate is 3% and CAL of 3% 
touches the efficient frontier almost at its point of minimum variance. When the risk-
free rate is high, higher returns are harder to reach and involve also a greater risk. As 
in figure 6, a higher risk-free rate of 7% decreases the slope of optimal CAL and 
touches the efficient frontier at point, where both the risk and return are higher. 
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Figure 6. Efficient frontier and capital allocation lines at risk-free rates 
of 3% and 7% 
 
The inclusion of forest assets in the optimisation process increases the number of 
optimal portfolios available for the investor. These new, optimal portfolios that 
include forest assets are at the lower end of the efficient frontier, meaning that 
portfolios of lower standard deviation are available. Forest assets used in this study 
are especially attractive to investors who are risk-averse or who are expecting a 
return of 7-8%. As the expected return increases, the benefit gained from forest 
investing decreases.  
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Figure 7. Efficient frontier with and without forest assets 
 
Optimal share of assets at different risk-free rates are presented in figure 8. With 
risk-free rates of 3.0-6.0%, the expected rate of return varies from 7.0% to 7.7% and 
the standard deviation from 2.2% to 3.1%. At that interval, four assets included in the 
optimal portfolio are Finnish and Uruguayan forest assets, IPD UK index and REX 
index. The majority of the capital is invested in REX index while the share of forest 
assets varies from 5% (at 6% risk-free rate) to 14% (at 3% risk-free rate). Most of the 
capital in forest in invested in Finland while Uruguay’s share is between 1-2% of the 
total capital.  
 
When the risk-free rate exceeds 6%, assets in the optimal portfolio change. First, 
Finnish forest asset is excluded, S&P 500 index and forest asset in the United States 
are included and then, at a risk-free rate of 7%, the REX index is dropped out. At that 
point (risk-free rate of 7%) the expected return on portfolio is 10.2%, standard 
deviation of returns has jumped to 9.6% and 8% of the total capital is invested in 
forests, mainly in the United States. When the risk-free rate approaches 8% all the 
forest assets are excluded from the optimal portfolio. At that point 86% of the 
portfolio is invested in IPD UK index and 14% in S&P 500 index. As the risk-free 
rate further increases, gradually all the capital will be invested in the S&P 500. 
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Figure 8. Optimal shares of assets at different risk-free rates 
 
The forest asset in the United States is included to the portfolio for a relatively short 
range of risk-free rates varying between 6.5% and 8.0%. It seems that the correlation 
of 0.47 between REX index and the United States is large enough to affect the shares 
of these two assets. When the share of REX index starts to decrease and is dropped 
out at 6.5% risk-free rate, the U.S. forest asset is brought to the portfolio. The United 
States also has a strong correlation of 0.75 with S&P 500 index and as the S&P 500 
starts to reach a weight of 15% in the portfolio, the U.S. is excluded. These changes 
in the asset weights seem to support the examination of the asset correlations as a 
mean to construct a balanced and well-performing portfolio. 
 
5.3 Optimisation with returns measured in local currencies 
Previous examination has been based on the assumption that the investor is based in 
Europe and measures the annual value change and cash flow in euros. Exchange 
rates are external factors affecting the attractiveness of those investments that gain 
the returns in foreign currencies. It is likely that the investor with a long time horizon 
and a well-diversified investment portfolio, such as institutional investor, is aware of 
the exchange rates’ effect on returns and is willing to avoid the negative impacts of 
unfavourable exchange rates. Investors may consider investing profits within the 
country in question. Alternatively, they can protect them selves against currency risk 
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by hedging, using either the forward markets or the loan markets (Brealey et al. 
2005, p. 768). If for example a company is expecting to receive a payment in a 
foreign currency and wants to insure its revenues against currency risk, it can agree 
with a bank on selling the money forward with a publicly available forward rate. Or, 
the company can borrow foreign currency against its foreign receivables, sell the 
currency and invest the revenues in the domestic markets. Other means to hedge 
against currency risk exist as well. Long-term currency swaps are long-term 
contracts consisting of a bundle of forward transactions (Brealey et al. 2005, p. 738). 
These kind of contracts, which involve buying or selling currencies, can extent over 
several years and involve fixed exchange rates (Brealey et al. 2005, p. 738). All 
available hedging instruments however have specific limitations concerning the 
period of validity of the hedge and involve transaction costs.  
 
Usage of the instruments available for hedging currency risk is possible, although the 
cost of their use is an important determinant whether they should be used or not. In 
order to study the effect of these instruments may have, portfolio optimisation is 
repeated with rates of return, measured in local currencies. For the S&P 500 index 
and the forest asset in the United States the local currency is United States dollar, for 
Uruguayan forest asset, the Uruguayan peso and for the IPD UK index the local 
currency is United Kingdom pound.  
  
The efficient frontier that consists of the asset returns measured in local currencies is 
presented in figure 9. Risk-return combinations of Finland and REX index remain the 
same as the currency, in which they are measured (euro), does not change. Rate of 
return of forest asset in the United States stays relatively static, but the standard 
deviation of its returns drops from 17.7% to 11.3%. Similarly, the return on the S&P 
500 index changes only slightly, but the risk decreases from 19.8% to 12.9%. Also, 
the IPD UK improves its performance: expected return decreases by 0.4 percentage 
unit while the standard deviation decreases from 10.2% to 6.4%. The Uruguayan 
forest asset’s rate of return and standard deviation face expectedly the biggest 
changes. The expected return increases from 8.2% to 24.9% and standard deviation 
of returns from 29.1% to 34.9%.  
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Figure 9. Efficient frontier and risk-return combinations of assets when 
returns are measured in local currencies 
 
Uruguay is an exception to other assets in that when the local currency is used, the 
risk associated with investment increases. It seems that exchange rate decreases 
annual profits and balances fluctuations between annual returns.  
 
Those investors, who calculate the asset returns in local currencies and include forest 
assets into their investment portfolio, can clearly increase the performance of their 
optimal portfolio. This can be seen from figure 10, which presents the efficient 
frontier for portfolios with and without forest assets. If the investor wants to stay for 
example at 2.5% risk level, with financial assets a mean portfolio return of 8.3% can 
be reached. By investing both in forest and financial assets, a mean return of 9.1% is 
achieved. At higher risk levels the difference is also higher: at 7% risk level portfolio 
excluding forest assets pays 10.3% rate of return, while with a portfolio including 
forest assets the return is 13.1%.  
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Figure 10. Efficient frontier with and without forest assets when returns 
are measured in local currencies 
 
Compared to the euro-based scenario, optimal asset weighting changes due to the 
different risk-return combinations and covariances between assets. As seen in figure 
11, at a 3.5% risk-free rate forest assets’ share in the optimal portfolio is almost 5%, 
consisting of Finnish and Uruguayan forest assets. Other assets in the portfolio are 
the S&P 500 (4%), IPD UK (33%) and REX (58%) indices. The Finnish forest asset 
is excluded from the optimal portfolio at a risk-free rate of 4.5%, when the 
portfolio’s mean return is 8.7% and standard deviation 2.2%. At the 4.5% risk-free 
rate, the share of forest assets in the portfolio is also the smallest (3.9%). When the 
risk-free rate, return and standard deviation of the portfolio increases, so does the 
share of forest. At this point however the only forest asset in the portfolio is 
Uruguay. Three financial assets remain in the portfolio until the risk-free rate reaches 
7.5%, when the REX index is excluded. This raises the standard deviation of the 
portfolio from 3.9% to 6.3%. The S&P 500 index is the last financial asset remaining 
in the portfolio until the risk-free rate of 12%, when the portfolio consists only of the 
forest asset in Uruguay.  
 
The forest asset in the United States is not included in the portfolio at any level of 
risk-free rate. This is relatively surprising as although its standard deviation is similar 
to that of Finland, the mean rate of return is 2.6 percentage units higher. Reasons for 
exclusion might be in the correlation coefficients, which reveal that the United States 
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forest asset has a correlation of 0.39 with S&P 500 index and 0.47 with REX index. 
These figures may be high enough to prevent the United States forest asset to be 
included to the portfolio. 
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Figure 11. Optimal shares of assets at different risk-free rates when 
returns are measured in local currencies 
 
When examining the optimal asset allocations based on euro-measured returns and 
returns in local currencies, some clear differences can be seen. At low risk-free rates, 
the shares of Finland and the REX index are larger in euro-based optimisation than in 
local currencies. This is due to improved performances of other assets in local 
currencies. In local currency optimisation, the share of forest is around 4-5% until the 
risk-free rate of 6.0% is exceeded, after which the share increases steadily. In euro 
optimisation, forest assets’ share is approximately 10% until the risk-free rate 
exceeds 5.5%, while at 6-7.5% risk-free rates forest assets have around 2-8% of the 
total capital. With higher risk-free rates forest assets are left outside the portfolio. 
The IPD UK has a strong role in both scenarios, having at the largest a share of 58% 
in local currencies and 87% when measured in euros. When using local currencies, 
the forest asset in the United States is not included in the portfolio at any risk-free 
rate.  
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5.4 Sensitivity analysis 
Small changes in the input data of the optimisation process, especially in the 
expected return, can cause large changes in the shares of the optimal portfolio 
(Heikkinen 2002). One source of uncertainty concerning the reliability of the data is 
the choice of discount rate in the net present value calculations. Although this study 
aimed to choose and use well-justified discount rates, this source of variability has to 
be acknowledged.  Hence, a simple sensitivity analysis is carried out within both the 
optimisation scenarios, although highlighting the results of the euro-based scenario. 
Each forest asset’s discount rate is increased/decreased with one percentage unit, one 
at a time. For example, Finnish forest asset’s discount rate is increased with one 
percentage point, ceteris paribus. The optimisation process is then repeated with new 
return series, where only Finland’s returns have changed.  
 
When the discount rate is increased (decreased) by one percentage unit, annual rates 
of return and also the expected return are increased (decreased) by one percentage 
unit. This is a logical result as already stated, in the net present value calculations 
that use constant prices and costs, the annual rates of return are equal to the discount 
rate. Standard deviations of the returns do not change. Thus, the discount has a clear 
effect on the investment attractiveness of each asset. In the case of Finland, increase 
in the discount rate lifts the share of Finnish forest asset in the portfolio, especially at 
the higher risk-free rates. At the risk-free rate of 6.0% Finland’s share is increased by 
over 6 percentage units to 10%, compared to the base case. At lower risk-free rates, 
Finnish forest asset’s share is 13-15%, at higher risk-free rates it is not included to 
the portfolio. One percentage unit’s decrease in the discount rate decreases Finland’s 
share on average 1-3 percentage units depending on the risk-free rate. With 
decreased returns, Finland was excluded from the portfolio at 6% risk-free rate. 
 
Increase in the United States forest asset’s returns brings it to the optimal portfolios 
of higher risk-free rates (7-9%), compared to the base case. At these risk-free rates, 
U.S. forest asset’s weight in the portfolio increases to over 20%. Decrease in the 
discount rate causes the U.S. forest asset to drop from the portfolio at all risk-free 
rates. Although Uruguayan forest asset’s weight increased slightly to compensate the 
exclusion of the U.S., forest assets’ share decreased at risk-free rates of 7.0-7.5%. 
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 Increase in the Uruguayan forest asset’s discount rate does not raise its share in the 
portfolio significantly. Especially when included together with Finnish forest asset, 
the increase in Uruguay’s share is less than one percentage point. Increase is higher 
when Uruguay is combined with U.S. forest asset, in those cases Uruguay takes 
weight from the United States, increases its share over three percentage units and is 
still included at 8% risk-free rate. Decrease in the discount rate decreases Uruguay’s 
share in the portfolio, as expected. In fact, the Uruguayan forest asset has at the 
highest only 1% of the portfolio’s total weight.  
 
In the euro-based optimisation carried out in this study, increase or decrease of the 
discount rate and the annual rate of return expectedly affects the portfolio weights. 
Increased (decreased) returns increased (decreased) asset’s share in the portfolio. 
However, magnitude of the one percentage point’s effect on the results varied.  In the 
case of the United States, two percentage units decrease in the discount rate (from 
7.9% to 5.9%) dropped its asset weight from over 20% to zero at 7% risk-free rate. 
Uruguayan forest asset’s share appeared to fluctuate less, the highest difference was 
from 4.2% to zero at 7% risk-free level. Reasons behind the varying sensitivity to 
changes might be found by examining expected returns on other assets. When the 
U.S. forest asset’s discount rate had been increased to 7.9%, its expected return 
jumped to 10.5%. With this kind of return, it would have risen close to the efficient 
frontier and the risk-return combination of the S&P 500 index. 
 
This chapter presents the composition and performance of an optimal portfolio, when 
assets’ returns are measured in euros. Euro-based return series are affected by 
exchange rate, which is a determinant that all the investors aiming to improve the 
performance of the portfolio by geographic diversification should be aware of. Some 
means to hedge currency risk do exist. In order to demonstrate the effect of exchange 
rates, a subsidiary optimisation scenario using local currency return series was 
carried out. Next chapter will summarise the results of the optimisations, compare 
them with previous research and review the limitations that concern the interpretation 
of the results.  
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6. DISCUSSION 
 
6.1 Examination of the results 
The purpose of this study was to examine how the inclusion of international forest 
assets changes the performance of an overall risky portfolio. In addition the 
following sub-questions were posed: What are the forest assets optimal shares in the 
portfolio? Do the assets’ returns move simultaneously? How do exchange rates affect 
the optimal asset allocation?  
 
Forest assets chosen for this study were different in terms of country, species, 
rotation length, forest management and currency in which cash flow was paid. Euro-
based annual nominal returns on forest assets varied between 6.9% and 9.5%. 
Standard deviations of the returns fluctuated from 11.5% to 29.1%. These forest 
assets were included to a portfolio that consisted of the S&P 500, IPD UK and REX 
General indices.  
 
Inclusion of forest assets to the risky portfolio lifted the efficient frontier especially 
at low risk and return levels (7-8% rate of return, 2-3% of standard deviation), 
indicating that an improved risk-return ratio was achievable. At those risk-return 
levels forest assets, mainly Finland and to a smaller extent Uruguay, took 5-14% 
share of the portfolio. Up until a risk-free rate of 7.5% forests stayed included to the 
optimal portfolio, although the benefit from their inclusion was not as significant as 
in the lower return levels. At these higher risk-return levels forest assets share was 2-
8% and Finnish forest asset was replaced with the United States forest asset.  
 
In the previous, euro-based examination exchange rates affected the average return 
of those investments that collect returns in other currencies than the euro. Hence, 
portfolio optimisation was repeated with return series that were measured in local 
currencies. Within this secondary scenario, most of the real and financial assets had 
smaller standard deviation of the returns. An exception was the Uruguayan forest 
asset, which had both average annual return and standard deviation of the returns 
increased significantly. Within this scenario, inclusion of forest assets to the portfolio 
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resulted in significantly improved optimal portfolios. At chosen risk (return) level 
higher return (lower risk) was achieved, when forest assets were included to the 
optimisation process (figure 10).  
 
As the risk-free rate used in the optimisation was increased, the share of forest 
decreased in the euro-based scenario and increased in the local currency scenario. 
Despite this, forest assets’ share was relatively similar at realistic risk-free rates: at 
nominal risk-free rates of 4-8%, the optimal share of forests was on average 7.2% in 
the euro-based case and 8.1% in the local currency case. 
 
Assets’ occurrence at the portfolio at different risk-free rates was partly explained by 
the correlations between assets’ return series. Optimisation appeared to avoid the 
simultaneous inclusion of assets with strong positive correlations to the portfolio. 
This is in line with the principles of the modern portfolio theory and the general 
understanding in the scientific literature. Forest assets had mostly small or negative 
correlations with financial assets (table 3).  
 
Based on the results of this study, international forest investing improves the 
performance of the risky portfolio. If the investor invests around 3-15% of the total 
capital to forest, depending on the available risk-free rate, a higher return at the 
chosen risk level can be expected. This information is valuable to individual and 
institutional investors, as well as to professional portfolio managers. Forest assets 
appear to be an asset class that every investor should at least get familiarized with, 
especially if the forms of forest investing will be further diversified in the future. 
International forest investing provides for wider possibilities to construct a well-
diversified forest portfolio. Diversification can be done in terms of countries, species, 
regimes and end-products, forming a broad array of different forest assets with 
notably varying risk-return combinations.  
 
6.2 Results in the context of the previous research  
In the United States, National Council of Real Estate Investment Fiduciaries 
(NCREIF) has published a NCREIF Timberland Index from the year 1987 onwards. 
Index contains private American timberland properties that are mostly held by the 
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tax-exempt institutional investors, such as pension funds (National Council of Real 
Estate Investment Fiduciaries). The historical (1991-2007) rate of total return has 
been over 13% (National Council of Real Estate Investment Fiduciaries). High 
historical returns in the end of the 20th century are however partly explained by the 
appreciation of the forest estates. Compared to the average rate of return of the 
United States forest asset calculated in this study (9.5%), NCREIF rate of return is 
almost four percentage units higher. Standard deviation of NCREIF returns is almost 
10% while the risk involved to the case forest in the United States of this study was 
slightly higher: 11.3%. 
 
Finnish Forest Research Institute published the NIPF owners’ annual rates of return 
from forestry (Finnish Forest Research Institute 2008a). Between 1991-2007, the 
annual nominal total return was approximately 5% and standard deviation was under 
11%. In the return calculations of this study, Finnish forest asset reached an average 
rate of return of almost 7% and a standard deviation of 11.5%. Comparing these 
profitability figures of the United States and Finland, it seems that return calculations 
of this study were relatively well in line with the actual development. 
 
Hyytiäinen and Penttinen (2008) optimised the allocation of capital among standing 
timber, bank deposits, bonds, stocks and apartments, all of which were calculated 
based on Finnish statistics. When using historical data from the years 1987-2005, 
standing timber had a share of less than 10% with real risk-free rates of 1-3%, and 
was excluded from the portfolio at the real risk-free rate of 4%. At the risk-free rates 
of 1-5%, the majority of the capital (60-70%) was invested in bonds, while with 
larger risk-free rates the share of stocks increased to 100%. Apartments had a share 
of approximately 30% at real risk-free rates of 1-5%. 
 
Comparing these results to this study that is situated into global framework, optimal 
asset allocation is relatively similar. In euro-based optimisation, forest had on 
average 11.5% share in portfolio at 3.0-6.0% nominal risk-free rates. Forest is 
excluded from the international portfolio at nominal risk-free rate of 8%. Thus, in an 
international portfolio of this study forests’ share is higher than in the Finnish 
context. It seems also that in the international portfolio, real estate index achieved a 
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higher share and the share of stock index started to increase at higher risk-free rates 
than in the Finnish portfolio.  
 
6.3 Limitations and further research 
This study aimed to create a theoretical framework in which alternative forest assets 
can be compared and their effect on the performance of an international investment 
portfolio can be examined. The framework was empirically tested with three case 
studies: forest assets in Finland, the United States and Uruguay. Although these 
forest assets were chosen to be relatively representative of the local silviculture and 
conditions, they were however only case studies and hence the calculated measures 
of profitability cannot be generalized. In addition, profitability figures were 
calculated without taking into account national-level taxation and subsidies available 
for forestry.  
 
Methods used for the forest valuation and portfolio optimisation were chosen in 
order to serve both the research question and the nature and extent of this thesis. 
Value of a forest stand was defined to be the present value of all the future costs and 
revenues incurred during infinite, identical rotations. Hence, the Faustmann method 
assumes that timber prices, costs, silvicultural management and timber yield function 
stay constant in the future. This was a highly implausible assumption, as already the 
input data of this study consisted of timber prices and costs that changed from year to 
year. According to the Faustmann rule, as these exogenous determinants change, so 
should change the optimal rotation length. This effect was neglected in this study, but 
possibilities do exist for more realistic simulation techniques, where rotation length 
and value of the forest are affected by determinants not included in the traditional 
Faustmann model (e.g. Tahvonen 1999).  
 
It was shown that the chosen discount rate had a strong effect on the expected returns 
of the forest assets. Although a theoretically approved method to find appropriate 
discount rates for each forest asset was used, one has to understand the effect of 
discount rate on the expected returns and the results of the portfolio optimisation. For 
example, higher discount rate increases forest asset’s expected return and therefore 
probably its share in the optimal portfolio. Also, the fact that the discount rates were 
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assumed to have stayed constant during 1990-2007 should be taken into 
consideration when examining the limitations of the work.  
 
In order to achieve better comparability of the results of studies measuring forest 
assets’ financial performance, different valuation methods’ differences should be 
further examined. Future research on international forest investing and its 
implications on the performance of the overall portfolio could apply long-term or 
multi-period investment horizons. Markowitz model, used in this study, is a single-
period model and assumes that all investors try to maximise their utility during the 
following investment period. Investors do however have time horizons of different 
length, as some aim at gaining capital for short-term consumption and some are 
looking for an additional income for their retirement. Optimal portfolio shares may 
differ depending on the investment horizon (Thomson 1991). In addition, also at the 
medium-term investment horizons, rebalancing of the portfolio to correspond to 
changing risk-return expectations is clearly important (Thomson 1997). 
 
The examination period used in this study ended in the year 2007. Although 18 years 
of asset values is long enough to include both the upturns and downturns of 
economic cycles, it most likely does not include financial shocks similar to those 
experienced in 2008. From the beginning of the year to October 2008, the S&P 500 
total return index (measured in USD) has dropped over 48% and the IPD UK total 
return index (in pounds) over 10% (Thomson Financial). This development increases 
the popularity of those assets, which are perceived safer because of a low standard 
deviation of returns or for other reasons. Consequently, REX total return index (in 
euros) has increased 5.6% (Thomson Financial). Also, Finnish stumpage prices have 
remained stable between 1-10/2008: prices of coniferous logs have decreased less 
than one per cent and coniferous pulpwood prices have increased over 6% (Finnish 
Forest Research Institute 2008a). Repetition of the optimisation after some years, 
with longer time series, would produce useful information on assets’ simultaneous 
performance in exceptional circumstances. In times of unstable financial markets, 
like in 2008, one would expect investors to find new means and assets to balance the 
overall risky portfolio. Then, forest is an asset class that should be considered. 
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APPENDICES 
Appendix I. Forest assets’ background data 
Country Region Species 
Rotation 
length 
Management operations 
(year) 
Timber assortments 
(US: ton/acre, 
others: m3/ha) 
Sources 
Finland Etelä-Savo Picea abies 62 years 
Site preparation and planting (0); 
weeding (8); seedling management 
(15); thinning (39,52); final harvest 
(62) ; annual management (All) 
1st thinning: pulpwood 
(39), saw logs (5). 2nd 
thinning: pulpwood (40), 
saw logs (33). Final 
harvest: pulpwood (58), 
saw logs (181) 
Management, prices and costs 
(except overheads): Finnish 
Forest Research Institute (Motti 
software, Metinfo information 
service, Statistical Yearbook of 
Forestry 2007). Annual 
overhead costs: Metsäteho  
The 
United 
States 
State of 
Georgia 
Pinus taeda 26 years 
Site preparation and planting (0); 
herbicide treatment (1); thinning 
(13); fertilization (18); final harvest 
(26); annual management (All) 
1st thinning: pulpwood. 
Final harvest: pulpwood, 
chip-n-saw, saw logs. * 
Prices: TimberMart South. 
Management and costs (except 
overheads): Indufor Oy. 
Annual overhead costs: 
Cubbage et al. 2007 
Uruguay
Not 
specified 
Eucalyptus 
grandis 
9 years 
Site preparation and 
planting/coppice management (0); 
fertilization and weeding (0); final 
harvest (9); annual management 
(All) 
Final harvest: pulpwood 
(243) 
Prices: Pike Consulting. 
Management and costs: Indufor 
Oy.  
* Because of the confidentiality of the data, amounts of harvested timber assortments are not specified.
 
Appendix II. Finnish forest management cost and stumpage price data, annual national 
averages 
Saw logs Pulpwood
1990 33,7 23,0
1991 30,5 19,6
1992 26,8 15,4
1993 25,0 13,3
1994 30,5 15,9
1995 33,2 18,5
1996 33,7 20,3
1997 36,6 21,6
1998 38,3 22,3
1999 40,2 22,2
2000 44,0 22,7
2001 43,1 22,0
2002 44,2 22,5
2003 44,5 21,4
2004 45,1 20,5
2005 46,5 20,8
2006 50,4 21,8
2007 67,3 24,3
Spruce stumpage prices (€/m³) 1990-2007
Site 
preparation Planting Weeding
Seedling 
management
Annual 
management
1990 192 541 85 130 -4
1991 185 500 82 146 -4
1992 192 524 85 146 -4
1993 198 547 88 145 -4
1994 210 582 93 151 -5
1995 221 597 98 175 -5
1996 218 587 96 175 -5
1997 235 595 98 182 -5
1998 242 589 104 233 -5
1999 257 618 105 211 -5
2000 292 712 118 218 -6
2001 328 689 117 235 -6
2002 363 599 138 259 -5
2003 373 600 141 276 -5
2004 366 592 172 285 -6
2005 395 594 150 306 -6
2006 408 597 137 316 -6
2007 435 606 155 331 -7
Forest management costs (€/ha) 1990-2007
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Appendix III. Annual exchange rates USD-EUR and UYU-USD 
 
1990 1,25
1991 2,09
1992 3,18
1993 4,21
1994 5,13
1995 6,50
1996 8,12
1997 9,64
1998 10,60
1999 11,62
2000 12,38
2001 13,32
2002 26,02
2003 27,90
2004 28,93
2005 24,18
2006 23,90
2007 23,63
Exchange rate Uruguayan 
peso (UYU) to United States 
dollars (USD)
1990 1,39
1991 1,25
1992 1,46
1993 1,14
1994 1,22
1995 1,33
1996 1,31
1997 1,06
1998 1,10
1999 1,07
2000 0,90
2001 0,90
2002 0,97
2003 1,13
2004 1,22
2005 1,24
2006 1,28
2007 1,37
Exchange rate United States 
dollar (USD) to euro (EUR) 
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Appendix IV. Total return indices of the financial assets 
1990 264
1991 338
1992 331
1993 475
1994 463
1995 515
1996 666
1997 1093
1998 1315
1999 1703
2000 2203
2001 1876
2002 1455
2003 1227
2004 1365
2005 1456
2006 1561
2007 1676
S&P 500 Composite, 
total return index
Currency: euro
1990 234
1991 223
1992 199
1993 226
1994 271
1995 268
1996 306
1997 398
1998 440
1999 542
2000 655
2001 694
2002 726
2003 745
2004 845
2005 1029
2006 1251
2007 1318
IPD UK, total return 
index
Currency: euro
1990 105
1991 114
1992 127
1993 146
1994 153
1995 165
1996 182
1997 197
1998 214
1999 226
2000 227
2001 245
2002 258
2003 281
2004 293
2005 313
2006 314
2007 320
REX General bond, 
total return index
Currency: euro
1990 366
1991 423
1992 482
1993 540
1994 567
1995 683
1996 871
1997 1158
1998 1446
1999 1815
2000 1993
2001 1679
2002 1415
2003 1390
2004 1665
2005 1811
2006 1993
2007 2293
S&P 500 Composite, 
total return index
Currency: USD
1990 174
1991 165
1992 167
1993 175
1994 215
1995 227
1996 240
1997 270
1998 311
1999 348
2000 394
2001 426
2002 463
2003 512
2004 590
2005 697
2006 839
2007 919
IPD UK, total return 
index
Currency: UK pound
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Appendix V. Asset classes’ nominal euro-based rates of return between 1991-2007 
Year Finland USA Uruguay S&P 500 IPD UK REX General
1991 -9,1 % 23,4 % 4,5 % 24,7 % -4,8 % 8,4 %
1992 -15,3 % 11,9 % 9,7 % -2,2 % -11,0 % 10,1 %
1993 -7,7 % 47,5 % -27,4 % 36,0 % 12,4 % 14,1 %
1994 25,6 % 12,9 % 28,4 % -2,4 % 18,4 % 4,8 %
1995 14,6 % 8,0 % 43,9 % 10,6 % -1,3 % 7,5 %
1996 7,9 % 0,0 % -37,0 % 25,7 % 13,3 % 9,9 %
1997 12,2 % 51,1 % 16,2 % 49,6 % 26,3 % 7,8 %
1998 7,6 % 7,1 % 18,9 % 18,5 % 10,0 % 8,5 %
1999 7,4 % 5,3 % 20,0 % 25,8 % 20,9 % 5,2 %
2000 10,3 % 18,6 % 5,3 % 25,7 % 19,0 % 0,5 %
2001 0,8 % -10,7 % 21,4 % -16,1 % 5,8 % 7,8 %
2002 6,6 % -2,9 % 2,0 % -25,4 % 4,5 % 5,2 %
2003 2,7 % -7,5 % -47,6 % -17,0 % 2,5 % 8,3 %
2004 3,2 % 1,7 % -11,9 % 10,6 % 12,6 % 4,3 %
2005 6,4 % 8,6 % 73,5 % 6,5 % 19,7 % 6,5 %
2006 12,1 % -5,7 % -0,5 % 7,0 % 19,5 % 0,5 %
2007 31,4 % -7,2 % 20,2 % 7,1 % 5,3 % 1,7 %
Mean 6,9 % 9,5 % 8,2 % 10,9 % 10,2 % 6,5 %
Standard deviation 11,5 % 17,7 % 29,1 % 19,8 % 10,2 % 3,6 %
Nominal euro-based rates of return 1991-2007
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Appendix VI. Asset classes’ nominal euro-based rates of return between 1991-2007 
Year Finland (€) USA 
(USD)
Uruguay 
(UYU)
S&P500 
(USD)
UK IPD (£) REX 
General (€)
1991 -9,1 % 13,0 % 45,4 % 14,3 % -5,4 % 8,4 %
1992 -15,3 % 27,3 % 67,0 % 13,2 % 1,1 % 10,1 %
1993 -7,7 % 22,7 % -24,0 % 11,2 % 4,8 % 14,1 %
1994 25,6 % 20,2 % 55,5 % 4,9 % 20,3 % 4,8 %
1995 14,6 % 16,0 % 75,6 % 18,6 % 5,5 % 7,5 %
1996 7,9 % -1,5 % -16,2 % 24,2 % 5,8 % 9,9 %
1997 12,2 % 30,0 % 12,3 % 28,5 % 11,8 % 7,8 %
1998 7,6 % 10,9 % 32,1 % 22,2 % 14,1 % 8,5 %
1999 7,4 % 2,2 % 26,1 % 22,8 % 11,0 % 5,2 %
2000 10,3 % 2,2 % -4,8 % 9,3 % 12,6 % 0,5 %
2001 0,8 % -11,8 % 27,7 % -17,1 % 7,8 % 7,8 %
2002 6,6 % 5,3 % 77,2 % -17,1 % 8,3 % 5,2 %
2003 2,7 % 7,8 % -25,3 % -1,8 % 10,0 % 8,3 %
2004 3,2 % 9,2 % -0,8 % 18,1 % 14,2 % 4,3 %
2005 6,4 % 10,5 % 57,5 % 8,4 % 16,6 % 6,5 %
2006 12,1 % -3,1 % 0,9 % 9,6 % 18,5 % 0,5 %
2007 31,4 % -0,3 % 25,9 % 14,0 % 9,1 % 1,7 %
Mean 6,9 % 9,4 % 25,4 % 10,8 % 9,8 % 6,5 %
Standard deviation 11,5 % 11,3 % 33,9 % 12,9 % 6,4 % 3,6 %
Nominal rates of return in local currencies 1991-2007
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